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(57)Abstract: 

PURPOSE: To provide a sintered hard alloy combining corrosion resistance more excellent than that of 
the existing single crystal alloy, oxidation resistance on a high level of the existing single crystal, high 
strength and creep rupture strength, single crystal cast parts for a blade and a nozzle using the same and 
a combined cycle power generating system using the same parts. 

CONSTITUTION: The alloy is constituted of, by weight, 6 to 12% Cr, 4.5 to 6.5% Al, 2 to 12% W, 2.5 to 10% 
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impurities. By using the same alloy, the objective single crystal casting for a blade and a nozzle is formed, 
and by using the same parts, the objective combined cycle power generating system is formed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] the P value which contains 2.5 - 10% of Ta, less than [ Mo5.8% ], 0.1 - 3% of Co(es), 0.2 - 3% of 
Nb(s), 0.1 - 4% of Re, and less than [ Hf0.3% ] W 2 to 12% by weight % 6 - 12% of Cr(s), and 4.5 - 6.5% of 
aluminum, and is calculated by (1) type by weight % — 2350-3280 ~ it is — the remainder the high 
anticorrosion high intensity superalloy characterized by consisting of an unescapable impurity and nickel 
P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+15Nb+200W-14W2+30Ta-1.5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) -- [Claim 2] By 
weight %, exceed W 2 - 9%, and 2.5 - 8% of Ta 6 - 12% of Cr(s), and 4.5 - 6.5% of aluminum, exceed 
Mo3% 1 1.5% or less by W+Ta, and 0.1 - 3% of Co(es), 0.2 - 3% of Nb(s), 0.1 - 1.65% of Re, and less than 
[ Hf0.3% ] are contained 5.8% or less, and the P value calculated by (1) type by weight % -- 2350-3280 - it 
is — the remainder — the high anticorrosion high intensity superalloy characterized by consisting of an 
unescapable impurity and nickel. 

P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+l 5Nb+200W- 1 4W2+30Ta- 1 .5Ta2+2.5Co+ 1 200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) - [Claim 3] the P 
value which exceeds 2.5 - 9% of Ta, less than [ Mo5% ], 0.1 - 3% of Co(es), and Nb2% W 4 to 9% 7 - 12% 
of Cr(s), and 4.8 - 6.5% of aluminum, and contains 0.1 - 4% of Re, and less than [ Hf0.3% ] 3% or less by 
weight %, and be calculated by (1) type by weight % — 2350-3280 — it is — the remainder — the high 
anticorrosion high intensity superalloy characterized by consisting of an unescapable impurity and nickel. 
P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+l 5Nb+200W-14W2+30Ta-l .5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) - [Claim 4] By 
weight %, contain W 4 - 12%, and 2.5 - 9% of Ta 7.3 - 10.5% of Cr(s), and 4.5 - 5.4% of aluminum, and 
less than [ Mo2% ], 0.1 - 3% of Co(es), 0.2 - 2.5% of Nb(s), 0.1 - 1.65% of Re, and less than [ Hf0.13% ] 
are contained 17% or less by W+Ta. and the P value calculated by (1) type by weight % — 2350-3280 — it is 
— the remainder — the high anticorrosion high intensity superalloy characterized by consisting of an 
unescapable impurity and nickel. 

P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+l 5Nb+200W-14W2+30Ta-l .5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) -- [Claim 5] By 
weight %, contain W 4 - 9%, and 4.5 - 9% of Ta 7.3 - 12% of Cr(s), and 4.5 - 6.5% of aluminum, and less 
than [ Mol% ], 0.1 - 3% of Co(es), 0.2 - 2% of Nb(s), 0.1 - 1.65% of Re, and less than [ Hf0.13% ] are 
contained 15% or less by W+Ta. and the P value calculated by (1) type by weight % — 2350-3280 — it is — 
the remainder — the high anticorrosion high intensity superalloy characterized by consisting of an 
unescapable impurity and nickel. 

P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+15Nb+200W-14W2+30Ta-1.5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) - [Claim 6] By 
weight %, contain W 4 - 9%, and 4.5 - 9% of Ta 7.3 - 12% of Cr(s), and 4.5 - 5.5% of aluminum, and less 
than [ Mo 1.8% ], 0.1 - 2.5% of Co(es), 0.8 - 2.5% of Nb(s), 0.1 - 1.65% of Re, and less than [ Hf0.13% ] are 
contained 15% or less by W+Ta. and the P value calculated by (1) type by weight % — 2350-3280 — it is — 
the remainder ~ the high anticorrosion high intensity superalloy characterized by consisting of an 
unescapable impurity and nickel. 

P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+l 5Nb+200W- 1 4W2+30Ta- 1 .5Ta2+2.5Co+ 1 200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) -- [Claim 7] By 
weight %, contain W 5 - 9%, and 5 - 9% of Ta 7.3 - 11% of Cr(s), and 4.7 - 5.5% of aluminum, and 0.2 - 
1.8% of Mo, 0.3 - 2.0% of Co(es), 0.8 - 2.5% of Nb(s), 0.1 - 1.65% of Re, and less than [ Hf0.13% ] are 
contained 14.5% or less by W+Ta. and the P value calculated by (1) type by weight % - 2350-3280 ~ it is ~ 
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the remainder — the high anticorrosion high intensity superalloy characterized by consisting of an 
unescapable impurity and nickel. 

P=-200Cr+80Mo-20Mo2-25QTi2-50(Tix^ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hfi-2000V-500C-15000B-500Zr .... (1) - [Claim 8] the P 
value which contains 5 - 7.5% of Ta, 0.5 - 1.8% of Mo, 0.5 - 1.5% of Co(es), 1.3 - 1.8% of Nb(s), 1.3 - 
1.65% of Re, and less than [ HfO.13% ] W 5 to 6.3% by weight % 7.3 - 9% of Cr(s), and 4.7 - 5.5% of 
aluminum, and is calculated by (1) type by weight % ~ 2350-3280 — it is — the remainder ~ the high 
anticorrosion high intensity superalloy which consists of an unescapable impurity and nickel 
P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+l 5Nb+200W-14W2+30Ta-l ,5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) -- [Claim 9] By 
weight %, 2.5 - 10% of Ta, less than [ Mo5.8% ], 0.1 - 3% of Co(es), 0.2 - 3% of Nb(s), 0.1 - 4% of Re, and 
less than [ Hf0.3% ] are contained W 2 to 12% 6 - 12% of Cr(s), and 4.5 - 6.5% of aluminum. And the P 
values calculated by (1) type by weight % are 2350-3280. It consists of an unescapable impurity and nickel, 
the remainder - the amount of above (W+Ta+Re+2Mo), and (W+Ta+2Mo) / (3.5Cr+2Nb) ratio High 
anticorrosion high intensity superalloy characterized by being in the field surrounded by A (26. 0 0.95), B 
(22. 0 0.95), C (14. 0 0.6), D (14. 0 0.1), and E (26. 0 0.6). 

P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+l 5Nb+200W-14W2+ 30Ta-l .5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) -- [Claim 10] By 
weight %, 2.5 - 10% of Ta, less than [ Mo5.8% ], 0.1 - 3% of Co(es), 0.2 - 3% of Nb(s), 0.1 - 4% of Re, and 
less than [ Hf0.3% ] are contained W 2 to 12% 6 - 12% of Cr(s), and 4.5 - 6.5% of aluminum, and the P 
value calculated by (1) type by weight % — 2350-3280 ~ it is ~ the remainder ~ the high anticorrosion high 
intensity superalloy characterized by consisting of an unescapable impurity and nickel and said 2Nb(s) / (2 
Nb+Ta) ratio being in the range of 0.2-0.8. 

P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+l 5Nb+200W-14W2+30Ta-l ,5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) -- [Claim 11] By 
weight %, 2.5 - 10% of Ta, less than [ Mo5.8% ], 0.1 - 3% of Co(es), 0.2 - 3% of Nb(s), 0.1 - 4% of Re, and 
less than [ Hf0.3% ] are contained W 2 to 12% 6 - 12% of Cr(s), and 4.5 - 6.5% of aluminum, and the P 
value calculated by (1) type by weight % - 2350-3280 — it is — and the remainder ~ the high anticorrosion 
high intensity superalloy characterized by consisting of an unescapable impurity and nickel and the 
aforementioned (3.5Cr+6.8aluminum) /(W+Ta+2Mo) ratio being in the range of 2.5-5. 
P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+15Nb+200W-14W2+30Ta-1.5Ta2+2.5Co+ 1 200aluminum- 
100aluminum2+100Re-MOOOHf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) - [Claim 12] The 
cylindrical polycrystal master ingot characterized by consisting of an alloy according to claim 1 to 1 1 . 
[Claim 13] High anticorrosion high intensity single crystal casting characterized by consisting of an alloy 
according to claim 1 to 1 1 . 

[Claim 14] For the rate of the volume of the gamma dash phase after 5% or less and dissolution-ized + 
aging, the rate of the volume of the eutectic gamma dash phase which is not dissolved [ which exists after a 
solution treatment ] is [ the gamma dash phase in which it deposits by 50 - 70%, and dissolution-ized + 
aging treatment ] the high anticorrosion high intensity single crystal casting according to claim 1 3 
characterized by die length of one side having the cube or rectangular parallelepiped configuration of 1 
micrometer or less. 

[Claim 15] High anticorrosion high intensity single crystal casting according to claim 13 characterized by 
the corrosion weight loss of 940 degrees C [ in / in the creep rupture time of 2 / the 100 hour or more and 4 
to 25 % of the weight NaCl mixed salt all immersion test of 75 % of the weight Na2SOs ] and 50 hours after 
being [ 1040-degree C ] two or less 300 mg/cm 19 kgf/mm. 

[Claim 16] The gas turbine blade characterized by consisting of high anticorrosion high intensity single 
crystal casting according to claim 13 to 15. 

[Claim 1 7] The gas turbine blade characterized by to have the dovetail section which is implanted in a disk 
in claim 1 6 and turns into a fixed part to this disk, the shank section which stands in a row in this dovetail 
section, the seal fin which protrudes on the side face of this shank section at one, and carries out the seal of 
the elevated-temperature gas, the platform section which is supported by said shank section and carries out 
the seal of the elevated-temperature gas, and the vane with which it is connected with in this platform 
section, and elevated-temperature gas collides. 

[Claim 18] The gas turbine blade whose overall length of a longitudinal direction is 150mm or more in 
either of claims 16 or 17. 

[Claim 19] It has the dovetail section used as the fixed part to a disk, the shank section equipped with the 
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unit or two or more seal fins which stood in a row in this dovetail section, and protruded on that side face at 
one, and the vane that stands in a row in this shank section. By weight % 2.5 - 10% of Ta, less than 
[ Mo5.8% ], 0.2 - 3% of Nb(s), and 0.1 - 4% of Re are contained W 2 to 12% 6 - 12% of Cr(s), and 4.5 - 
6.5% of aluminum. And the P values calculated by (1) type by weight % are 2350-3280. It is the 
manufacturing method of the gas turbine blade which consists of a nickel radical alloy which are an 
unescapable impurity and nickel, the remainder — It has the bypass mold which was open for free passage 
on said seal fin to the Maine mold equivalent to said vane, the shank section, and the dovetail section. The 
manufacture approach of the gas turbine blade characterized by including the process which a target is made 
to solidify gradually the molten metal of nickel radical alloy in said Maine mold and bypass mold at this rate 
on the other hand, and is cast in a single crystal organization. 

P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+15Nb+200W-14W2+30Ta-1.5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) - [Claim 20] The 
gas turbine nozzle characterized by consisting of high anti corrosion high intensity single crystal casting 
according to claim 13 to 15. 

[Claim 21] It has a vane and the sidewall prepared in these vane ends. By weight % 2.5 - 10% of Ta, less 
than [ Mo5.8% ], 0.2 - 3% of Nb(s), and 0.1 - 4% of Re are contained W 2 to 12% 6 - 12% of Cr(s), and 4.5 
- 6.5% of aluminum. And the P values calculated by (1) type by weight % are 2350-3280. It is the 
manufacturing method of a gas turbine nozzle which consists of a nickel radical alloy which are an 
unescapable impurity and nickel, the remainder — The manufacture approach of the gas turbine nozzle 
characterized by including the process which have the bypass mold which was open for free passage to said 
sidewall to the Maine mold equivalent to said vane, and a target is made to solidify gradually the molten 
metal of nickel radical alloy in said Maine mold and bypass mold at this rate on the other hand, and is cast in 
a single crystal organization. 

P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+l 5Nb+200W-14W2+30Ta-l .5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000Hf2+700Hf3-2000V-500C-15000B-500Zr .... (1) - [Claim 22] The 
gas turbine characterized by making combustion gas form using the air compressed by the compressor, 
making the elevated-temperature gas a gas turbine nozzle collide with through and the gas turbine blade 
according to claim 1 6 to 1 8 in which it was respectively implanted by two or more disks, and rotating this 
blade. 

[Claim 23] The gas turbine characterized by making combustion gas form using the air compressed by the 
compressor, making the elevated-temperature gas a gas turbine nozzle according to claim 20 collide with 
through and the gas turbine blade in which it was respectively implanted by two or more disks, and rotating 
this blade. 

[Claim 24] The gas turbine characterized by making combustion gas form using the air compressed by the 
compressor, making the elevated-temperature gas a gas turbine nozzle according to claim 20 collide with 
through and the gas turbine blade according to claim 16 to 1 8 in which it was respectively implanted by two 
or more disks, and rotating this blade. 

[Claim 25] It is the combined-cycle-power-generation system which said gas turbine consists of a gas 
turbine according to claim 22 to 24 in the combined cycle power generation plant equipped with the 
generator driven with the gas turbine driven by the elevated-temperature gas which flows at high speed, the 
exhaust-heat-recovery boiler which obtains a steam with the energy of the exhaust gas of this gas turbine, 
the steam turbine driven with said steam, and said gas turbine and steam turbine, and is characterized by the 
thermal efficiency of an entire plant being 50% or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The new superalloy with which this invention is used for blades (bucket) and 
nozzles (stationary blade), such as an object for aircrafts or a gas turbine for a ground generation of 
electrical energy for which high creep rupture strength is needed, in a hot combustion gas ambient 
atmosphere, It is a thing about the efficient gas turbine made by using the single crystal components for gas 
turbines made by using the single crystal casting made by using this superalloy, and this single crystal 
casting, and these single crystal components. It is related with what corrosion resistance especially high at 
the object for a ground generation of electrical energy is required as. It is related with the efficient 
combined-cycle-power-generation system furthermore made using this efficient gas turbine. 
[0002] 

[Description of the Prior Art] The turbine blade put to the severest operating environment has usually 
accomplished changes to lifting of the combustion temperature accompanying the high power and efficient- 
izing of a gas turbine engine to the single crystal alloy which does not have the grain boundary in the one 
direction columnar crystal coagulation alloy of polycrystal which does not have the grain boundary in the 
direction of a stress load from a casting alloy at all further. The history of such development is mainly a 
thing centering on an aviation gas turbine, and high creep rupture strength and high low-cycle-fatigue 
reinforcement with a comparatively short run length have been thought as important. 

[0003] Alloy444 (U.S. Pat. No. 4,116,723, JP,59-34776,B), PWA1484 (U.S. Pat. No. 4,719,080 and JP,61- 
284545,A --) "Second-generation Nickel-base Single Crystal Superalloy" ;A.D.Cetel and 
D.N.Duhl;Superalloys 1988 and The Metall.Soc, (1988), pp 235-244, CMSX-4 (U.S. Pat. No. 4,643,782 -) 
JP,60-2 1 1 03 1 ,A and "Process and Alloy Optimization forCMSX-4 Superalloy Single Cristal 
Airfoils";DJ.Fraisier, J.R.Whetstone KHarris, G.L.Erickson, R.E.Schwer;High Temp. Mater. Power 
Eng. 1990 Part2, (1990), and pp 1281-1300 and SC-83K (U.S. Pat. No. 4,976,791 --) JP,2- 138431, A, 
"development of nickel radical single crystal superalloy"; Takehiro Ono, Watanabe ****; each of iron, steel, 
vol.77, (1991), pp(s) 832-839, etc. was developed for the purpose of the blade of an aviation gas turbine, and 
is hard to be referred to as having not necessarily sufficient corrosion resistance. 

[0004] The blade of the actual condition and a gas turbine or the components of a nozzle are carrying out 
thermal spraying of the ceramics to a high anticorrosion-alloy pan on a front face, and are protected from 
severe corrosive environment. However, surface coating has the problem of exfoliation and the thing late as 
much as possible of the speed of advance of corrosion in the part which exfoliated is desirable. Since a run 
length is short and the cycle of inspection is short, even when the gas turbine for aircrafts of the corrosion 
resistance of single crystal superalloy is inadequate, the activity is possible somehow. However, since 
reducing a maintenance leads to improvement in dependability, to improve the corrosion resistance of 
superalloy is desired. 

[0005] On the other hand, the casting alloy has usually been used highly [ the object for the former and 
aircrafts ] by the service temperature of the blade of the gas turbine for a ground generation of electrical 
energy mainly. However, also although efficient-ization of the gas turbine for a ground generation of 
electrical energy serves as pressing need and it is called the object for the grounds, the combustion 
temperature of a gas turbine became high and the shift to a single crystal alloy from a casting alloy has 
usually been needed from the environmental pollution problem of terrestrial magnitude in recent years, also 
for the alloy for blades, the object for the grounds is compared for aircrafts, a run length boils it markedly, 
and since it is long, it becomes spacing of inspection is long and especially important [ the speed of advance 
of corrosion when coating exfoliates ]. Therefore, although the anticorrosion and the oxidation resistance 
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under a combustion gas ambient atmosphere have the need of excelling the object for aircrafts, the actual 
condition is that the single crystal alloy aiming at such high corrosion resistance is not yet put in practical 
use. 

[0006] Furthermore, the greatest neck of the increase in efficiency of a gas turbine is the durable 
temperature of the 1st step blade and a nozzle, if it can manufacture the single crystal casting using the high 
anticorrosion high intensity superalloy which solves the above-mentioned problem, and this superalloy, by 
that, the combustion temperature of a gas turbine will increase and efficient-ization of a gas turbine of it will 
be attained. Furthermore, if this efficient gas turbine can be manufactured, the efficient combined-cycle- 
power-generation system by which thermal efficiency of an entire plant was not able to reach with 50% or 
more of the conventional technique in the compound plant equipped with the generator driven with the 
exhaust-heat-recovery boiler which obtains a steam with the energy of the exhaust gas of this gas turbine, 
the steam turbine driven with said steam, and said gas turbine and steam turbine can be obtained. 
[0007] 

[Problem(s) to be Solved by the Invention] As a corrosion product included in the combustion gas of the gas 
turbine for a ground generation of electrical energy, NaCl and Na2S04 are mainly known. Generally 
corrosion resistance assessment is estimated by the burner rig trial containing such mixed salt, a spreading 
heat test, all the immersion tests of fused salt, etc. When using a single crystal alloy for a ground generation 
of electrical energy, it becomes a requirement to have conventionally the corrosion resistance near Rene80 
(60nickel-14Cr-9.5Co-4Mo-4W-3aluminum-5Ti-0.17C-0.015B-0.03Zr) widely used as a polycrystal alloy, 
an EQC, or it. When the activity in an elevated temperature is furthermore considered from Rene80, it is 
also required to have the oxidation resistance which was more superior to Rene80. 

[0008] this invention persons conducted comparison examination of the corrosion resistance of the various 
existing alloys with Rene80 and a polycrystal condition by all the immersion tests of the fused salt shown in 
the example later described as a means to evaluate corrosion resistance. Although PWA1484 and SC-83K 
are known as an alloy which has the highest creep rupture strength in the current world among above- 
mentioned single crystal alloys (it is not evaluating to the reinforcement of the target level of this invention 
since Alloy444 is too low) In assessment by this experiment, it turned out that a corrosion test piece 
produces all melting in a crucible, and does not have corrosion resistance sufficient as an object for the 
grounds for gas turbine blades in respect of corrosion resistance. On the other hand, although CMSX-4 in 
which high temperature strength is inferior to PWA1484 or SC-83K excelled the conventional single crystal 
alloy in corrosion resistance, they did not attain to the corrosion resistance of Rene80 at all. 
[0009] The object of this invention Creep rupture strength usually equivalent to about the same the high 
anticorrosion and oxidation resistance as a casting alloy of the former used as blades (bucket) and nozzles 
(stationary blade), such as an object for aircrafts or a gas turbine for a ground generation of electrical energy 
for which high creep rupture strength is needed in a hot combustion gas ambient atmosphere, and the 
conventional single crystal alloy With the superalloy of high anticorrosion high intensity suitable for the 
single crystal components which it has, and the single crystal casting made by using the becoming master 
ingot and its alloy, The gas turbine blade and gas turbine nozzle which are made by furthermore using this 
single crystal casting, It is offering the efficient combined-cycle-power-generation system exceeding 50% of 
thermal efficiency made using the efficient gas turbine made by furthermore using these gas turbine blades 
and gas turbine nozzles, and this gas turbine. 
[0010] 

[Means for Solving the Problem] this invention persons considered the effect of ****** various alloying 
elements to corrosion-resistant improvement in the polycrystal condition as preliminary examination of 
single crystal alloy development. About all the various existing development alloys of high intensity first 
known for various reference, the polycrystal alloy of the same presentation as the chemical entity shown by 
reference was created, all the same heat treatment conditions further known for reference were carried out, 
and anticorrosion and oxidation-resistant assessment were performed. About these results, the numeric value 
conventionally concrete as an alloy is shown in the example of this invention. In recent years, CMSX-4 and 
PWA1484 which were developed are an alloy which contains Re it is supposed that is worked effective in 
both reinforcement and corrosion resistance 3%. In our examination, although it has checked that CMSX-4 
raised corrosion resistance compared with an alloy like SC83K which surely do not contain Re, it turned out 
that it becomes [ Rene80 ] and corrosion resistance is inferior. 

[001 1] On the other hand, although PWA1484 contained Re the 3 same% as CMSX-4, it was understood 
that corrosion resistance is completely inadequate like SC83K. If the addition of Cr is lowered too much just 
because it is considered to be the cause that Cr of PWA1484 is as low as 5% and it means the improvement 
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in on the strength like PWA1484, as for this, corrosion resistance will completely serve as [ this invention ] 
imperfection to the level to mean. 

[0012] The corrosion resistance in a combustion gas ambient atmosphere and oxidation resistance are 
strongly required as having mentioned above components, such as a blade of the gas turbine for the grounds, 
this invention persons performed corrosion resistance assessment not much on reinforcement in the history 
of development of a single crystal alloy paying attention to Ta which did not attract attention, and Nb which 
is the consolidation element of congeneric gamma'. Consequently, although sufficient break through was not 
made at present about the corrosion mechanism, it turned out that moderate addition of Nb easily exceeds 
the corrosion resistance of an alloy conventionally clearly when compound addition is carried out with Re, 
and the good corrosion resistance usually near the casting alloy Rene80 average or it which has high 
corrosion resistance is acquired. 

[0013] It became clear that the corrosion resistance which excelled Rene80 in the comparative study of 
Rene80 rather in the sample which furthermore single-crystal-ized this invention alloy when the system 
simulation combustion test was carried out is shown. It is one by which the point which clarified 
effectiveness of such Nb addition and effectiveness of compound addition of Nb and Re is characterized [ of 
this invention ], and such an idea is that there was nothing on the conventional technique. On the other hand, 
Nb(s) are Ta and an element of the same family, and carry out the same work to improvement in elevated- 
temperature creep rupture strength as a gamma' solid-solution-strengthening element. Since the effectiveness 
excels Nb in Ta, an optimum value exists in both rate from reinforcement and corrosion resistance both 
sides. It is also one of the descriptions of this invention to have found out this rate newly. 
[0014] The place by which it is furthermore characterized [ of the invention in this application / other ] is 
having found out the optimal addition of Co. In the conventional alloy, it was considered that Co was only 
impurity extent or it was added by reverse about 5 to 10% for the object of the improvement in on the 
strength. Too much of this Co showed clearly that they are many [ unsuitably ] amounts to this invention 
alloy even in oxidation resistance, corrosion resistance, and a side on the strength. Co of this amount 
controlled carefully exerted remarkable effectiveness on all to improvement in the oxidation resistance of 
this invention alloy, corrosion resistance, and high temperature strength together with little addition of Hf. 
[0015] Moreover, although W and Ta contribute to improvement in high temperature strength separately, 
when both are both added so much, an alpha-W phase, a non-dissolved eutectic gamma dash phase, etc. 
remain, and they cause lowering of high temperature strength on the contrary, and have the fault of raising 
specific gravity beyond the effectiveness of the improvement in on the strength of an alloy. Therefore, it is 
one characterized [ of this invention ] also by finding out the upper limit of both sum. Furthermore, it is one 
characterized [ of this invention ] also by finding out the high corrosion resistance which is not in an alloy 
conventionally in the high presentation region of the addition of Mo which becomes advantageous in respect 
of the specific gravity of an alloy. 

[0016] (W+Ta+Re+2Mo) is taken for the examination result of this invention as a strong index. Moreover, 
on the other hand, as a corrosion resistance index If handling and (W+Ta+2Mo)/(3.5Cr+2Nb) is taken as an 
element which improves corrosion resistance for Nb like Cr from the above-mentioned reason As the high 
corrosion resistance which this invention makes an aim, and the field which has high creep rupture strength 
are expressed with these indexes and shown in drawing 1 The amount of above (W+Ta+Re+2Mo), and 
(W+Ta+2Mo) / (3.5Cr+2Nb) ratio It was also shown clearly that it is located in the range in the field 
surrounded by A (26. 0 0.95), B (22. 0 0.95), C (14. 0 0.6), D (14. 0 0.1), and E (26. 0 0.6). It is also one of 
the descriptions of this invention to newly have defined such an index. Furthermore, in this invention alloy 
containing Nb, when choosing W, Ta, and Mo as an element which brings about negative effectiveness for 
Cr and aluminum to the same corrosion resistance as the above on the other hand as an element which has 
effectiveness in corrosion resistance and taking both ratio, it was shown clearly that the optimal range also 
for this value exists. 

[0017] Conventionally, among alloys, although U.S. Pat. No. 4,719,080 (JP,6 1-284545, A) is the alloy of the 
presentation containing PWA1484, about this alloy, Nb is [ only being contained in the large presentation 
range, and ], it has separated from the suitable range and the alloy which contains Nb also in an example is 
not found. Furthermore, in the P value of the formula (1) showing invention of this United States patent 
below, it is sung that it is 3360-4850 in the large presentation range and that it is 3800-4400 more preferably 
(all the values in a formula (1) are values of weight %). 
P=-200Cr+80Mo-20Mo2-250Ti2-50(TixTa)+15Nb+200W-14 

1 00aluminum2+l 00Re+l OOOHf-2000Hf2+700Hf3-2000V-500C- 1 5000B-500Zr -- (1 ) 

[001 8] It is thought that the P value expresses the contribution exerted on the reinforcement of each alloy 
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element. Although the P value was calculated also about this invention alloy shown in an example for 
reference, and all are less than 3360, sufficient high temperature strength is obtained. Without the main 
causes which the P value of this invention alloy is less than 3360 coming from the low amount of Ta 
relatively [ amount / of Cr(s) / high ] relatively, and being influenced by the P value about this invention 
alloy, high temperature strength high enough is obtained, and a formula (1) is not suitable at all, although 
high temperature strength is drawn. Therefore, this invention can be said to be that this invention alloy is 
heterogeneous invention. 

[0019] The high anticorrosion high intensity superalloy of this invention can carry out [ single crystal ]-izing 
according to one direction coagulation casting. Since single crystal components made using this single 
crystal superalloy, such as a blade of a gas turbine and a nozzle, have high corrosion resistance and high 
temperature strength, the gas turbine of the actual condition in which rate-limiting is carried out by the 
engine performance of these components in combustion efficiency is using the blade and nozzle of single 
crystal superalloy of this invention, and the manufacture of the efficient gas turbine which is not in the 
former of it is attained. Furthermore by manufacture of this efficient gas turbine, 50% or more of efficient 
combined-cycle-power-generation system is obtained by cycle generation of electrical energy with a steam 
turbine. 

[0020] The 1st invention of this inventions obtained as a result of a detailed examination mentioned above 
By weight %, 2.5 - 10% of Ta, less than [ Mo5.8% ], 0.1 - 3% of Co(es), 0.2 - 3% of Nb(s), 0.1 - 4% of Re, 
and less than [ Hf0.3% ] are contained W 2 to 12% 6 - 12% of Cr(s), and 4.5 - 6.5% of aluminum, and the P 
value calculated by (1) type by weight % — 2350-3280 ~ it is — the remainder — it is the high anticorrosion 
high intensity superalloy characterized by consisting of an unescapable impurity and nickel. 
P=-200Cr+80Mo-20Mo2-250Ti 2-50 (TixTa) +15Nb+200W-14W2+30Ta-1.5Ta2+2.5Co+ 1200aluminum- 
100aluminum2+100Re+1000Hf-2000HG+700Hf3-2000V-500C-15000B-500Zr .... also in (1) The 
presentation which serves as low specific gravity relatively is weight %. Exceed Mo3% for W 2 - 9%, and 
2.5 - 8% of Ta 11.5% or less by W+Ta 6 - 12% of Cr(s), and 4.5 - 6.5% of aluminum, and 0.1 - 3% of Co 
(es), 0.2 - 3% of Nb(s), 0.1 - 1.65% of Re, and less than [ Hf0.3% ] are contained 5.8% or less, and the P 
value calculated by the aforementioned (1) formula by weight % — 2350-3280 — it is — the remainder — it is 
the high anticorrosion high intensity superalloy which consists of an unescapable impurity and nickel. When 
especially corrosion resistance is thought as important, by weight %, exceed 2.5 - 9% of Ta, less than 
[ Mo5% ], 0.1 - 3% of Co(es), and Nb2% W 4 to 9% 7 - 12% of Cr(s), and 4.8 - 6.5% of aluminum, and 0.1 

- 4% of Re and less than [ Hf0.3% ] are contained 3% or less, and the P value calculated by the 
aforementioned (1) formula by weight % — 2350-3280 — it is — the remainder — the high anticorrosion high 
intensity superalloy which consists of an unescapable impurity and nickel is suitable. 

[0021] In meaning especially high intensity, by weight % Less than [ Mo2% ], 0.1 - 3% of Co(es), 0.2 - 
2.5% of Nb(s), 0.1 - 1.65% of Re, and less than [ HfO.13% ] are contained for W 4 - 12%, and 2.5 - 9% of 
Ta 17% or less by W+Ta 7.3 - 10.5% of Cr(s), and 4.5 - 5.4% of aluminum, and the P value calculated by 
the aforementioned (1) formula by weight % ~ 2350-3280 — it is — the remainder — the high anticorrosion 
high intensity superalloy which consists of an unescapable impurity and nickel is suitable. Moreover, as a 
presentation excellent in oxidation resistance, are weight % and less than [ Mol% ], 0.1 - 3% of Co(es), 0.2 

- 2% of Nb(s), 0.1 - 1.65% of Re, and less than [ HfO.13% ] are contained for W 4 - 9%, and 4.5 - 9% of Ta 
15% or less by W+Ta 7.3 - 12% of Cr(s), and 4.5 - 6.5% of aluminum, and the P value calculated by the 
aforementioned (1) formula by weight % — 2350-3280 — it is — the remainder — the high anticorrosion high 
intensity superalloy which consists of an unescapable impurity and nickel is suitable. 

[0022] moreover, in meaning the presentation in which both high temperature strength and corrosion 
resistance are excellent By weight %, contain W 4 - 9%, and 4.5 - 9% of Ta 7.3 - 12% of Cr(s), and 4.5 - 
5.5% of aluminum, and less than [ Mol.8% ], 0.1 - 2.5% of Co(es), 0.8 - 2.5% of Nb(s), 0.1 - 1.65% of Re, 
and less than [ HfO.13% ] are contained 15% or less by W+Ta. and the P value calculated by the 
aforementioned (1) formula by weight % — 2350-3280 — it is — the remainder — the high anticorrosion high 
intensity superalloy which consists of an unescapable impurity and nickel is suitable, furthermore, when all 
high temperature strength, elevated-temperature ductility, and corrosion resistance and oxidation-resistant 
are thought as important As a good presentation of balance, by weight % 0.2 - 1 .8% of Mo, 0.3 - 2.0% of Co 
(es), 0.8 - 2.5% of Nb(s), 0.1 - 1.65% of Re, and less than [ HfO.13% ] are contained for W 5 - 9%, and 5 - 
9% of Ta 14.5% or less by W+Ta 7.3 - 1 1% of Cr(s), and 4.7 - 5.5% of aluminum. The high anticorrosion 
high intensity superalloy which consists of an unescapable impurity and nickel is suitable, and the P value 
calculated by the aforementioned (1) formula by weight % ~ 2350-3280 — it is — the remainder — by weight 
% as a presentation with the most sufficient balance especially 5 - 7.5% of Ta, 0.5 - 1 .8% of Mo, 0.5 - 1 .5% 
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of Co(es), 1.3 - 1.8% of Nb(s) 5 1.3 - 1.65% of Re, and less than [ HfO.13% ] are contained W 5 to 6.3% 7.3 - 
9% of Cr(s), and 4.7 - 5.5% of aluminum, and the P value calculated by the aforementioned (1) formula by 
weight % - 2350-3280 — it is — the remainder — the high anti corrosion high intensity superalloy which 
consists of an unescapable impurity and nickel is suitable. 

[0023] In addition, when thinking only high temperature strength and corrosion resistance as important and 
not thinking oxidation resistance as important, it is not necessary to add Co and Hf intentionally. Moreover, 
when thinking only especially high temperature strength as important and not thinking corrosion resistance 
as important so much Make Nb additive- free, and by weight %, exceed 2.5 - 10% of Ta, and Mo3% W 2 to 
12% 6 - 12% of Cr(s), and 4.5 - 6.5% of aluminum, and 0.1 - 3% of Co(es), 0.1 - 4% of Re, and less than 
[ Hf0.3% ] are contained 5.8% or less, and the P value calculated by the aforementioned (1) formula by 
weight % — 2350-3280 — it is — the remainder — the presentation which consists of an unescapable impurity 
and nickel is sufficient. If an amount (W+Ta+Re+2Mo) is taken along an axis of ordinate as shown in 
drawing 1 of an example among the alloy presentation groups described above, and (W+Ta+2Mo) / 
(3.5Cr+2Nb) ratio is taken along an axis of abscissa The outstanding high temperature strength and 
corrosion resistance are acquired in the field especially surrounded by A (26. 0 0.95), B (22. 0 0.95), C (14. 
0 0.6), D (14. 0 0.1), and E (26. 0 0.6). 

[0024] Moreover, it is compatible in high temperature strength and corrosion resistance excellent in making 
2Nb(s) / (2 Nb+Ta) ratio into the range of 0.2-0.8, as shown in drawing 2 of an example among the above 
alloy presentation groups. Moreover, it is compatible in reinforcement and corrosion resistance by making 
(3.5Cr+6.8aluminum) / (W+Ta+2Mo) ratio into the range of 2.5-5 among above-mentioned alloy 
presentation groups. The 2nd invention of this inventions is a cylindrical master ingot which consists of an 
above-mentioned alloy. The 3rd invention of this inventions is high anticorrosion high intensity single 
crystal casting which can do an above-mentioned alloy by carrying out one direction coagulation and which 
does not have the grain boundary substantially. Furthermore, the gamma dash phase in which the rate of the 
volume of the gamma dash phase after dissolution-ized + aging deposits [ the rate of the volume of the 
eutectic gamma dash phase which is not dissolved / to which this high anticorrosion high intensity single 
crystal casting exists after a solution treatment ] after 50 - 70% and dissolution-ized + aging treatment 5% or 
less is that die length of one side is adjusted to the cube or rectangular parallelepiped configuration of 1 
micrometer or less, and the outstanding high temperature strength and corrosion resistance are acquired. 
Moreover, 940 degrees C [ in / 19 kgf/mm / 1040 degrees C / casting / this / high anticorrosion high 
intensity single crystal / in the creep rupture time of 2 / the 100 hour or more and 4 to 25 % of the weight 
NaCl mixed salt all immersion test of 75 % of the weight Na2SOs ] and 50-hour Ushiro ? s corrosion weight 
loss can acquire a two or less 300 mg/cm property. 

[0025] The 4th invention of this inventions is a gas turbine blade characterized by becoming the 3rd 
invention from the high anticorrosion high intensity single crystal casting of a publication. Said gas turbine 
blade has the dovetail section which is implanted in a disk and turns into a fixed part of this disk, the shank 
section which stands in a row in this dovetail section, the seal fin which protrudes on the side face of this 
shank section at one, and carries out the seal of the elevated-temperature gas, the platform section which is 
supported by said shank section and carries out the seal of the elevated-temperature gas, and the vane with 
which it is connected with in this platform section, and elevated-temperature gas collides, and is effective in 
the improvement in thermal efficiency as an object for a generation of electrical energy. 
[0026] Furthermore, when using these gas turbine blades as an object for a generation of electrical energy 
beyond output abbreviation 25,000kW, the overall length of a longitudinal direction needs to be 150mm or 
more. The dovetail section from which the gas turbine blade concerning this invention serves as a fixed part 
to a disk, It stands in a row in this dovetail section, and has the shank section equipped with the unit or two 
or more seal fins which protruded on that side face at one, and the vane which stands in a row in this shank 
section. By weight % 2.5 - 10% of Ta, less than [ Mo5.8% ], 0.2 - 3% of Nb(s), and 0.1 - 4% of Re are 
contained W 2 to 12% 6 - 12% of Cr(s), and 4.5 - 6.5% of aluminum. And the P values calculated by the 
aforementioned (1) formula by weight % are 2350-3280. Consist of a nickel radical alloy which are an 
unescapable impurity and nickel, and it has the bypass mold which was open for free passage on said seal 
fin to the Maine mold equivalent to said vane, the shank section, and the dovetail section, the remainder — It 
can obtain according to a manufacturing method including the process which an one direction is made to 
solidify gradually the molten metal of nickel radical alloy in said Maine mold and bypass mold at this rate, 
and is cast in a single crystal organization. 

[0027] The 5th invention of this inventions is a gas turbine nozzle characterized by consisting of above- 
mentioned high anticorrosion high intensity single crystal casting. When using said gas turbine nozzle as an 
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object for a generation of electrical energy beyond output abbreviation 25 3 000kW, it has one vane and the 
sidewall formed in these vane ends, and said vane has the structure effective in the improvement in thermal 
efficiency where the die length to an outlet side is set to 100mm or more from 70mm or more and a 
combustion gas entrance side by between the sidewalls of ends. 

[0028] The gas turbine nozzle concerning this invention is equipped with a vane and the sidewall prepared 
in these vane ends, is equipped with a vane and the sidewall prepared in these vane ends, and is weight %. 
2.5 - 10% of Ta, less than [ Mo5.8% ], 0.2 - 3% of Nb(s), and 0.1 - 4% of Re are contained W 2 to 12% 6 - 
12% of Cr(s), and 4.5 - 6.5% of aluminum. And the P values calculated by the aforementioned (1) formula 
by weight % are 2350-3280. Consist of a nickel radical alloy which are an unescapable impurity and nickel, 
and it has the bypass mold which was open for free passage to said sidewall to the Maine mold equivalent to 
said vane, the remainder — An one direction can be made to be able to solidify gradually the molten metal of 
nickel radical alloy in said Maine mold and bypass mold at this rate, and it can obtain according to a 
manufacturing method including the process cast in a single crystal organization. The 6th invention of this 
inventions is a gas turbine which burns the air compressed by the compressor, makes the elevated- 
temperature gas a gas turbine nozzle collide with through and the gas turbine blade of this invention 4th in 
which it was respectively implanted by two or more disks, and rotates this blade. 
[0029] The 7th invention of this inventions is a gas turbine which bums the air compressed by the 
compressor, makes the elevated-temperature gas the 5th gas turbine nozzle of this invention collide with 
through and the gas turbine blade in which it was respectively implanted by two or more disks, and rotates 
this blade. The 8th invention of this inventions is a gas turbine which burns the air compressed by the 
compressor, makes the elevated-temperature gas the 5th gas turbine nozzle of this invention collide with 
through and the 4th gas turbine blade of this invention in which it was respectively implanted by two or 
more disks, and rotates this blade. 

[0030] The gas turbine in this invention has the structure of making it colliding with the blade in which the 
fuel gas compressed by the compressor was implanted by the disk through the nozzle, and rotating this 
blade. It has three or more steps of of said blade and nozzle. The first rank of this blade A vane, The seal fin 
which consists of a projection prepared in the both sides of the plat-form section which has the flat part 
which stands in a row in this vane, the shank section which stands in a row in this plat-form section, and this 
shank section, It has the dovetail section which stands in a row in said shank section. This blade and said 
nozzle by weight % 2.5 - 10% of Ta, less than [ Mo5.8% ], 0.1 - 3% of Co(es), 0.2 - 3% of Nb(s), 0.1 - 4% 
of Re, and less than [ Hf0.3% ] are contained W 2 to 12% 6 - 12% of Cr(s), and 4.5 - 6.5% of aluminum. 
And the P values calculated by the aforementioned (1) formula by weight % are 2350-3280. It is 
characterized by consisting of a single crystal casting of nickel radical alloy which consists of an 
unescapable impurity and nickel, the remainder — Said temperature of combustion in an inlet port is 1,300 
degrees C or more, and the overall length of the first rank of said blade is 1 50mm or more, moreover, said 
temperature of combustion ~ 1 ,500 degrees C or more — it is — said blade and nozzle — three or more steps 
— having — the first rank of this blade — The first rank of this blade and the first rank of said nozzle consist 
of single crystal casting of said nickel radical alloy, and it is characterized by generation-of-electrical-energy 
capacity being more than 25,000kW. 

[003 1 ] The gas turbine which drives the 9th invention of this inventions by the elevated-temperature gas 
which flows at high speed, The exhaust-heat-recovery boiler which obtains a steam with the energy of the 
exhaust gas of this gas turbine, In the combined cycle power generation plant equipped with the generator 
driven with the steam turbine driven with said steam, and said gas turbine and steam turbine By using this 
invention 6th - the 8th one of gas turbines for said gas turbine, it is the combined-cycle-power-generation 
system characterized by the thermal efficiency of an entire plant becoming 50% or more. 
[0032] The gas turbine driven with the combustion gas with which especially this invention flows at high 
speed, In the combined cycle power generation plant equipped with the generator driven with the exhaust- 
heat-recovery boiler which obtains a steam with the combustion gas of this gas turbine, the steam turbine 
driven with said steam, and said gas turbine and steam turbine Blade inlet temperature is 1300 degrees C or 
more, said gas turbine — a blade — three or more steps — having — the first rank of said combustion gas — 
The combustion-gas temperature of a turbine outlet is 560 degrees C or more, and a steam 530 degrees C or 
more is obtained by said exhaust-heat-recovery boiler. Said steam turbine is high low voltage one apparatus, 
and said steam temperature to the first rank of this steamy turbine blade is 530 degrees C or more, the 
generation-of-electrical-energy capacity of said gas turbine is [ 50,000kW or more and the generation-of- 
electrical-energy capacity of a steam turbine ] 30,000kW or more, and total thermal efficiency is 50% or 
more — the description — carrying out — the first rank — a blade and the first rank — the above-mentioned 
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single crystal alloy is used for a nozzle. 
[0033] 

[Function] Hereafter, the reason for component definition of this invention alloy is explained. Since Cr has 
the operation which raises the oxidation resistance of an alloy, and corrosion resistance, at least 6% is 
needed, but in order that too much addition may produce harmful deposit phases, such as a sigma phase, and 
may reduce creep rupture strength and ductility, it is limited to 6 - 12%. It is still more desirably [ 7.3% or 
more of] desirable 7% or more suitably. The most suitable range is 7.3 - 9%. 

[0034] aluminum is an important element in order to form the coat of aluminum 203 which contributes to 
an improvement of the high-temperature-oxidation property of an Ni base superalloy most, and about this 
point, more ones are [ the amount of aluminum ] desirable. Moreover, aluminum is also the main 
consolidation element which forms the gamma dash phase which is the intermetallic compound which 
carries out precipitation strengthening of the Ni base superalloy simultaneously. A gamma dash phase is 
further strengthened by dissolving elements other than aluminum, such as Ti, Ta, W, Mo, and Nb, although 
a basic presentation is expressed with nickel3 aluminum. An operation of these elements is described in 
detail below. Although a single crystal alloy usually contains the gamma dash phase of a thing large quantity 
50% or more at the rate of the volume, since the big and rough gamma dash phase called an eutectic gamma 
dash phase to the last coagulation section exists at the time of coagulation termination, in order to make this 
once dissolve into a host phase (gamma-phase), a solution treatment is performed at an elevated 
temperature. The gamma dash phase which dissolved by the solution treatment strengthens an alloy by 
depositing uniformly minutely by the aging treatment of under cooling and after that. 
[0035] Therefore, although aluminum needs at least 4.5%, since, as for too much addition exceeding 6.5%, 
there are [ to dissolve an eutectic gamma dash phase thoroughly by the solution treatment ] too many 
gamma dash phases, reinforcement comes to fall to reverse. Moreover, that solid solution strengthening of 
the gamma dash phase is not fully carried out also means that the amount of aluminum becomes high 
relatively to the solid-solution-strengthening element of the above-mentioned gamma dash phases, such as 
Ta, W, Mo, and Nb. Therefore, in this invention, aluminum is limited to 4.5 - 6.5% of range. It is desirable 
for the addition of aluminum to be low to the object which raises especially high temperature strength, and 
5.5% or less of addition is suitable. To the object which raises high temperature strength more, 5.4% or less 
of addition is desirable. The most suitable range is 4.7 - 5.5%. 

[0036] W is an element which dissolves to gamma-phase and a gamma dash phase, and strengthens a bi- 
phase, and needs at least 2%. However, too much addition deposits an alpha-W phase and a Re-W phase, 
reduces reinforcement, and causes corrosion resistance hot lowering and buildup of specific gravity further. 
Therefore, W is limited to 2 - 12% of range. Moreover, from a strong viewpoint, 4% or more is suitable. 
Furthermore, in balance, such as specific gravity, reinforcement, and corrosion resistance, 4 - 9% of range is 
desirable. It is 5 - 9% more desirably, and is 5 - 6.3% of range still more suitably. It is the element which 
dissolves to gamma-phase and a gamma dash phase, and strengthens a bi-phase like W, and Mo is also an 
indispensable alloying element. However, too much addition deposits an alpha-Mo phase and a Re-Mo 
phase, reduces reinforcement, and also reduces further hot corrosion resistance. Therefore, Mo is limited to 
5.8% or less of range. Moreover, when especially aiming at low specific gravity, reduction of the amount of 
W+Ta accompanying the addition and it exceeding 3% is effective. However, from oxidation resistance and 
a corrosion resistance viewpoint, the lower one is desirable, and Mo is 1% or less more desirably 1 .8% or 
less still more desirably 2% or less more suitably 5% or less suitably. When an example is taken in balance 
with reinforcement, 0.2 - 1 .8% of range is desirable, and is 0.5 to 1 .8 or less more suitably. 
[0037] Co is an element which plays an important role in this invention alloy, and the optimal addition 
which raises corrosion resistance and oxidation resistance clearly exists to the addition to this invention 
alloy. In respect of reinforcement, addition of Co reduces the stacking-fault energy of an alloy, and has the 
operation which raises the creep strength of a low temperature range comparatively, and the operation which 
is made to increase whenever [ dissolution / of a gamma dash phase ] to reverse in a pyrosphere, weakens 
precipitation strengthening, and makes creep strength in a pyrosphere imperfection. For the operation with 
which both disagree, the optimal addition exists in Co also in respect of reinforcement. For such 
effectiveness, Co needs at least 0.1% of addition. However, the addition exceeding 3% becomes already 
effective [ to oxidation resistance or corrosion resistance ] less, and high temperature strength also comes to 
fall. Moreover, since it becomes easy to produce generation of the harmful phase called a TCP phase 
(topologically close-packed phase), Co is limited to 0.1 - 3.0%>. 

[0038] In the single crystal alloy containing Nb or Re, it is also one of the descriptions of this invention to 
contain Co of such a limited amount, and it is 0.1 - 2.5% of range more suitably. It is 0.3 - 2.0% more 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/17/2006 



JP,2843476,B [DETAILED DESCRIPTION] 



Page 8 of 17 



desirably, and is 0.5 - 1 .5% still more suitably. Nb is an alloying element indispensable although the 
corrosion resistance of an alloy is raised with Re in this invention. Having found out the effectiveness of 
such a corrosion-resistant improvement of Nb is one of this inventions by which it is characterized most, and 
the effectiveness of the corrosion-resistant improvement especially by compound addition with Re is 
completely new discovery. Although it now is not clear about the device of a corrosion-resistant 
improvement, in order to acquire the effectiveness, Nb needs at least 0.2% of addition. Moreover, although 
Nb dissolves mainly in a gamma dash phase and a gamma dash phase is strengthened, too much addition 
which is a little small compared with Ta of the same family as for the effectiveness, and exceeds 3% will 
reduce the amount of dissolution of Ta in gamma 1 conversely, and will reduce high temperature strength. 
[0039] Therefore, in this invention, Nb is limited to 0.2 - 3.0% of range. However, about oxidation 
resistance, too much addition of Nb has 0.2 - 2.5% of desirable range desirably. On the other hand, when 
especially aiming at high corrosion resistance, it exceeds 2% and 3% or less of addition is suitable. From 
reinforcement and corrosion resistance balance, it is 1.3 - 1.8% more suitably 0.8 to 2.5% desirably. Ta 
mainly carries out solid solution strengthening of the gamma dash phase like Nb. Therefore, although at 
least 2.5% is needed, too much addition exceeding 10% causes lifting of the dissolution temperature of an 
eutectic gamma dash phase, and the deposit of a Re-Ta phase, and reduces high temperature strength 
conversely. Therefore, Ta is limited to 2.5 - 10% of range. When meaning especially high intensity, it is still 
more desirably [ 5% or more of] suitable 4.5% or more. Conversely, since addition excessive from a 
corrosion resistance viewpoint is not desirable, 9% or less of its addition is desirable in that case. The more 
suitable range is 5 - 7.5%. 

[0040] Although Nb(s) are Ta and an element of the same family and Nb has the operation superior to Ta in 
respect of corrosion resistance like the above, since Ta excels Nb in improvement in elevated-temperature 
creep rupture strength rather as a gamma' solid-solution-strengthening element, an optimum value exists in 
both rate from reinforcement and corrosion resistance both sides. As a value which converted the weight % 
ratio into atomic % ratio, that value is expressed with 2Nb / (2 Nb+Ta) ratio, and it is desirable for the range 
of this value to be 0.2-0.8. 

[0041] Re has the effectiveness which raises the corrosion resistance of an alloy while it dissolves to 
gamma-phase and strengthens a base. However, the effectiveness serves as level which can be equal to the 
activity of elevated-temperature long duration, such as a gas turbine for a generation of electrical energy, for 
the first time by coexisting with Nb, therefore required Re is at least 0. 1 %. On the other hand, Re is a very 
expensive element, and in order that too much addition exceeding 4% may just raise the price of an alloy in 
vain and may also cause the deposit of harmful phases, such as Re-W, Re-Mo, and Re-Ta, Re is taken as 0.1 
- 4.0% of range. Moreover, the addition range which has especially effectiveness from the point of an alloy 
price and specific gravity is 0.1 - 1.65%, and is 1.3 - 1.65% more desirably. Hf is an important element for 
improving the oxidation resistance of an alloy, and high temperature strength, and is an indispensable 
alloying element. The effectiveness shows up from the addition of a minute amount very much. However, 
since too much addition of Hf reduces solution-treatment temperature in order to lower the melting point of 
an alloy, and it becomes impossible to fully dissolve an eutectic gamma dash phase, little direction of an 
addition is as much as possible good [ addition ]. Therefore, although Hf considers as 0.3% or less of 
addition, the more suitable range is 0.13% or less. 

[0042] Among the alloy elements described above, respectively, W and Ta are the main solid-solution- 
strengthening elements of gamma-phase and a gamma dash phase, and it is also very important for them to 
specify both sum in addition to the component range specified independently, respectively. If W+Ta 
becomes large, an alpha-W phase, a non-dissolved eutectic gamma dash phase, etc. will remain, and 
lowering of high temperature strength will be caused on the contrary, and specific gravity will be raised 
more than the rise of an alloy on the strength. Moreover, it also comes to reduce hot corrosion resistance. 
Therefore, 1 7% or less is desirable, and in order to raise elevated-temperature corrosion resistance further, 
as desirable range, 15% or less of W+Ta is suitable, and is 14.5% more desirably. Moreover, in order to 
lower the specific gravity of an alloy, while increasing the addition of Mo, as for W+Ta, it is effective to 
consider as 1 1 .5% or less of addition. However, since high temperature strength will fall if both sum 
becomes small, it is necessary to make it the addition according to the object. 

[0043] The alloy element described above is effective to the respectively independent or improvement in 
reinforcement and corrosion resistance. [ fill / in addition to the component range specified by compound / 
the following relation ] To the high temperature strength of an alloy, contribution of W, Ta, Re, and Mo is 
large, and the effectiveness is proportional to atomic % in general. Therefore, in order to obtain the target 
elevated-temperature creep rupture strength, it is desirable for the degree type (W+Ta+Re+2Mo) which is 
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expressed with weight % in addition to the component range of each element to be 14.0 or more. On the 
other hand, about corrosion resistance, Cr and Nb have forward effectiveness and are arranged in the same 
formula. Conversely, W, Ta, and Mo have negative effectiveness. Although the corrosion resistance of an 
alloy is fundamentally improved about Re, since the deposit of a harmful phase is caused and corrosion 
resistance is degraded as a result with the increment in an addition, it is difficult to contain in a formula as a 
corrosion resistance index uniquely. If expressed with atomic % conversion like [ a corrosion resistance 
index ] reinforcement, in order to acquire the elevated-temperature corrosion resistance which this invention 
makes the object, it is required for degree type (W+Ta+2Mo)/(3.5Cr+2Nb) which is expressed with weight 
% in addition to the component range of each element to be 0.95 or less. 

[0044] It is desirable for the amount of above (W+Ta+Re+2Mo), and (W+Ta+2Mo) / (3.5Cr+2Nb) ratio to 
be in the range in the field surrounded by A (26. 0 0.95), B (22. 0 0.95), C (14. 0 0.6), D (14. 0 0.1), and E 
(26. 0 0.6) especially, as shown in drawing 1 of an example, moreover, the 2Nb(s) / (2 Nb+Ta) the ratio 
above-mentioned [ corrosion resistance ], and the method of the filing / (W+Ta+2Mo) (3.5Cr+2Nb) — in 
addition, if it is the presentation field of this invention alloy containing Nb, although Cr and aluminum are 
chosen as an element effective in corrosion resistance and W, Ta, and Mo are chosen as a disadvantageous 
element for corrosion resistance, the suitable component range will be obtained. If these ratios are expressed 
with an atomic ratio, it will become (3.5Cr+6.8aluminum)/(W+Ta+2Mo), corrosion resistance becomes 
good so that this value is high, as shown in drawing 3 of an example, but since high temperature strength 
comes to fall to reverse, this (3.5Cr+6.8aluminum) /(W~KTa+2Mo) ratio has the desirable range of 2.5-5. The 
range of 3-4.5 is more desirably suitable. 

[0045] In addition, Ti is added by the conventional single crystal alloy in many cases. Although Ti dissolves 
to a gamma dash phase and it is useful to solid solution strengthening of a gamma dash phase, since it is 
easy to build an eutectic gamma dash phase and the melting point of an alloy is lowered, it narrows, the 
difference, i.e., the heat treatment window, of initial melting temperature and the full dissolution 
temperature of gamma 1 phase, and dissolution of the gamma dash phase by the solution treatment serves as 
imperfection. Therefore, Ti was made additive- free at this invention alloy. In addition, although C, Si, Mn, 
P, S, B, Zr, Y, REM, and Cu will not pose especially a problem on a property among elements other than the 
above if they are within the limits shown below, the lower one as much as possible is desirable. 
C <=0.015% Si<=0.05% Mn<=0.5%P <=0.005% S<=0.003% B <=0.003%Zr<=0.02% Y<=0.2% REM 
<=0.2%Cu<=0.1%[0046] The above-mentioned alloy presentation group is the technique described below, 
is formed into a master ingot and serves as single crystal casting further. Here, although gamma-phase [ of a 
host phase ] (austenite phase) and a gamma dash phase are different phases, since they are an equal phase 
[ **** ] of crystal orientation, they are usually called a single crystal. First, after making the master ingot of 
an above-mentioned alloy presentation into a master ingot by vacuum melting using the return material 
which refined beforehand each alloy element or the scrap of the single crystal casting described below, and 
lowered impurity level to it to reusable level, in a vacuum, after remelting, one direction coagulation can be 
carried out and it can obtain the single crystal casting. At this time, as for a master ingot, what has purity 
high as much as possible is suitable for manufacture of the single crystal casting. 
[0047] This single crystal casting is receiving heat treatment of a solution treatment, aging treatment, 
surface coating processing, etc., and becomes usable industrially. As for this single crystal casting, it is 
desirable to adjust heat treatment and an alloy presentation so that it may have the organization which shows 
below. First, if the eutectic gamma dash phase generated to the 1st at the time of coagulation cannot fully 
dissolve by the solution treatment, the part of this non-dissolved eutectic gamma dash phase will serve as an 
origin of creep fracture. Therefore, 5% or less of the rate of the volume of the eutectic gamma dash phase 
which is not dissolved [ which exists after a solution treatment ] is desirable. The amount of the gamma dash 
phase which exists in the 2nd after dissolution-ized + aging treatment is also large to the reinforcement of 
the casting, and ductility, and it influences. If the rate of the volume of this gamma dash phase is less than 
50%, sufficient high temperature strength will not be obtained, but if it exceeds 70% conversely, a non- 
dissolved eutectic gamma dash phase comes to remain too much by the solution treatment. Therefore, the 
rate of the volume of the gamma dash phase after dissolution-ized + aging treatment is limited to 50 - 70%. 
The rate of the volume of a more suitable gamma dash phase is 55 - 65%. 

[0048] As for the gamma dash phase which deposits in the 3rd at the time of this aging treatment, it is 
desirable to have the austenite phase which is a base, and a lattice constant [ **** / enough ], and to carry 
out the detailed deposit of a regular cube or a rectangular parallelepiped configuration. Unless an austenite 
phase and a gamma dash phase are fully adjustment, die length of one side exceeds 1 micrometer, the angle 
of a cube or a rectangular parallelepiped collapses, or it comes to carry out a spherical deposit, and sufficient 
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high temperature strength is no longer obtained as the result. Therefore, die length of one side is 1 
micrometer or less, and the gamma dash phase which deposits at the time of aging treatment needs to have a 
cube or a rectangular parallelepiped configuration. Die length of one side of a more desirable gamma dash 
phase is 0.02-0.7 micrometers. Moreover, as for this single crystal casting, it is desirable as a property for 
the corrosion weight loss of 940 degrees C [ in / in the creep rupture time of 2 / the mixed salt all immersion 
test in 100 hours or more and 4 to 25 % of the weight NaCl of 75 % of the weight Na2SOs ] and 50-hour 
Ushiro to be two or less 300 mg/cm 19 kgf/mm 1040 degrees C. 

[0049] The high anticorrosion high intensity single crystal casting which carried out one direction 
coagulation of the above-mentioned new ingredient is suitable for the article with which high creep rupture 
strength, the outstanding corrosion resistance, and oxidation resistance are demanded and which is used 
under a harsh environment. Since the gas turbine blade and gas turbine nozzle which consist of above- 
mentioned high anticorrosion high intensity single crystal casting have high creep rupture strength, the 
outstanding corrosion resistance, and oxidation resistance, they become possible [ making the temperature 
of combustion of a gas turbine higher than current ], and its thermal efficiency of a gas turbine improves 
substantially as a result. Since it is an elevated temperature, the thermal efficiency as the whole system 
becomes 50% or more from the thing of the former [ system / using an above-mentioned gas turbine / 
combined-cycle-power-generation / temperature of combustion / of a gas turbine ]. 
[0050] 
[Example] 

(Example 1) In order to show that the chemical composition of the sample used in order to compare the 
property of an alloy with a table 1 this invention alloy, a comparison alloy, and conventionally, a W+Ta 
value, and the alloy indicated by U.S. Pat. No. 4,719,080 are those from which an alloy presentation and its 
effectiveness completely differ, the P value of a formula 1 is shown. This invention alloy No. 1-32, 
comparison alloy About No.41-54 and conventional alloy No.61-64, each created the 5kg master ingot by 
the vacuum induction dissolution. Conventionally, about the alloy, the same presentation as the presentation 
released by each was aimed at, and it dissolved. Conventionally, among alloys, in SC-83K and No. 62, 
PWA1484 and No.63 show CMSX-4 and No.64 show [ No.61 ] Rene80. 
[0051] 
[A table 1] 
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[0052] a table 2 — 75wt%Na2S04-25wt% of each alloy — the average of three corrosion weight loss each in 
all the immersion tests in the inside of 940-degree-C end crater which gets -50 h in the inside of NaCl mixed 
salt — 1 100 degrees C in the inside of a crucible show the oxidation loss-in-quantity value of Ushiro who 
repeated the heat cycle of air cooling 10 times, the structural stability of an alloy, 1040-degree C creep 
rupture time [ in / -19 kgf/mm / 2 ] and the elongation at that time, and the corrosion-weight-loss value after 
a simulation combustion corrosion test after 16-hour heating. Moreover, about the alloy which consists of 
only gamma-phase [ the microstructure after each heat treatment to ], and a gamma dash phase about the 
structural stability of an alloy, when O mark was included for harmfiil phases other than gamma-phase and a 
gamma dash phase in the property column, x mark was indicated in the property column. 
[0053] 
[A table 2] 
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[0054] Among the various trials shown in a table 2, except [ all ] the creep rupture test and the system 
simulation combustion test, heat treatment predetermined with a polycrystal condition was performed, the 
predetermined test piece condition was processed, and the master ingot of a casting as was offered as a 
sample to the experiment. Both the crucible corrosion test piece and the crucible anti -oxidation test piece 
used what was processed into the disc-like test piece with a diameter [ of 7mm ], and a thickness of 4mm. 
About the creep rupture test, after reducing the above-mentioned master ingot and single-crystal-izing at a 
formula one direction coagulation furnace about the comparison alloy except all this invention alloys, 
No. 53, and No. 54, heat treatment shown in the same following as other trials was carried out, and it was 
further processed into the test piece with a parallel part diameter [ of 6.35mm ], and a distance [ between 
scores ] of 25.4mm, and examined on condition that the above based on the ASTM method. In addition, the 
creep rupture curve conventionally arranged by the Larson Miller parameter among alloys read the fracture 
time amount which is equivalent to 2 1040 degrees C -19 kgf7mm from a creep rupture curve about 63 in 
well-known alloy No. 61, and wrote together to a table 2. 
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[0055] The system simulation combustion test was carried out only about some this invention alloys and 
conventional alloy No. 64 (Rene80). About this invention alloy, No. 64 used the sample of a polycrystal as 
using the single crystal sample at the time of creep rupture test production. After processing it into a round 
bar test piece with a diameter [ of 9mm ], and a die length of 50mm, in the system simulation combustion 
gas ambient atmosphere, after 900 degree-Cx7hx7 cycle heating, each of these samples performed descaling 
and measured corrosion weight loss. 

[0056] About this invention alloy and the comparison alloy, the organization which did after [ 4 hour 
heating ] air cooling in 1250-1350 degrees C was considered in advance, as for any alloy, the gamma dash 
phase chose as solution-treatment temperature fundamentally the temperature which dissolves thoroughly, 
and heat treatment conditions carried out the solution treatment of air cooling after 4-hour maintenance at 
the temperature. About the aging conditions after a solution treatment, two-step aging treatment of air 
cooling after 20-hour heating was performed at 870 degrees C which follows air cooling after 4-hour 
heating, and it at 1080 degrees C. Conventionally, about the alloy, No. 61 (SC-83K) performed air cooling 
after 4-hour heating at 1320 degrees C, and heat-treated air cooling after 20h heating by 1080 degrees C at 
after [ 5 hour heating ] air cooling, and 870 degrees C. After carrying out after [ 4 hour heating ] air cooling 
of No. 62 (PWA1484) at 1316 degrees C, they performed air cooling after 4-hour heating at 1080 degrees C, 
and heat-treated air cooling after 20-hour heating at 870 more degrees C. 

[0057] No.63 (CMSX-4) — the recommendation heat treatment conditions (source; ("single-crystal-izing 
and its high- temperature-strength property" of the newest nickel base superalloy),; iron besides Yoshio Ota 
and steel, vol.76, and (1990) — ) of Cannon-Muskegon It doubles with pp 940-947. At after [ 2 hour 
maintenance ] temperature up, and 1288 degrees C by 1272 degrees C After [ 2 hour maintenance ] 
temperature up, It was 1296 degrees C, and the six steps of continuation solution treatments of air cooling 
after 2-hour maintenance operation-back was carried out at after [ 3 hour maintenance ] temperature up, and 
1316 more degrees C, and aging treatment of air cooling after 20-hour maintenance was carried [ after / 3 
hour maintenance / temperature up, and 1304 degrees C / after / 3 hour maintenance / temperature up, and 
1313 degrees C ] out at air cooling after 4-hour maintenance, and 871 degrees C by 1080 degrees C. 
Conventionally, among the alloy, after carrying out after [ 2 hour heating ] air cooling of Rene80 used in the 
state of polycrystal at 1220 degrees C, it used what carried out with air cooling after 4-hour heating at 1096 
degrees C, and carried out after [ 16 hour heating ] air cooling by 1050 degrees C at after [ 16 hour heating ] 
air cooling, and 845 more degrees C. 

[0058] From a table 1, each P value calculated by the aforementioned (1) formula of this invention alloy is 
less than 3360 specified by U.S. Pat. No. 4,719,080, it is clear that this invention is different invention, and a 
table 2 shows that each this invention alloy No. 1-32 has good corrosion resistance, oxidation resistance, a 
creep rupture life, creep rupture elongation, and structural stability. About especially corrosion resistance, 
crucible corrosion weight loss is also No.64 (Rene80), an EQC, or the level near it, and is clearly better than 
a single crystal alloy conventionally. Furthermore, this invention alloy has clearly good corrosion resistance 
rather than No.64 in system simulation combustion corrosion weight loss, also about oxidation resistance, it 
is markedly alike, No.64 (Rene80) are excelled, and it goes into a category conventionally good also in an 
alloy. 

[0059] Moreover, even if it sees about a creep rupture life, this invention alloy is the life of extent which it is 
the longest thing, and a life almost equivalent to conventional alloy No. 61 (SC-83K) is acquired, and is 
slightly less also than the shortest thing from conventional alloy No.63 (CMSX-4) and an EQC, and this 
reinforcement is level without something to say as a single crystal alloy. Furthermore, as for the presentation 
of the drawing 1 twist and this invention alloy, as for (W+Ta+Re+2Mo), 14.0 or more and close 
(W+Ta+2Mo)/(3.5Cr+2Nb) are [ all ] or less in 0.95. Although close has some which are in this invention 
field of drawing 1 in a comparison alloy, each component element has separated. In drawing 1 , each point 
of this invention alloy of an axis of ordinate and an axis of abscissa is in the range in the field surrounded by 
A (26. 0 0.95), B (22. 0 0.95), C (14. 0 0.6), D (14. 0 0.1), and E (26. 0 0.6), and is especially desirable. 
[0060] Moreover, drawing 2 takes crucible corrosion weight loss and creep rupture time along an axis of 
ordinate, and arranges an axis of abscissa by 2Nb(s)/(2 Nb+Ta) on it. Although corrosion resistance 
becomes good so that from this drawing and 2Nb(s) / (2 Nb+Ta) ratio becomes high, although it reaches 
with this invention alloy No. 6, and 14 and 15 comparison alloy No. 41 and the value of only 42 is illustrated 
as an example of representation, high temperature strength falls to reverse and it turns out that the field 
which is compatible in corrosion resistance and reinforcement exists in the place whose 2Nb / (2 Nb+Ta) 
ratio are 0.2-0.8. Furthermore, the effect of the /(W+Ta+2Mo) ratio exerted on a simulation combustion test 
loss-in-quantity value at drawing 3 (3.5Cr+6.8aluminum) is shown. It is this invention alloy which contains 
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Nb in this drawing, and further, although only what carried out the simulation combustion test is illustrated, 
in the presentation field containing Nb, it turns out that corrosion resistance tends to be excellent, so that 
(3.5Cr+6.8aluminum) / (W+Ta+2Mo) ratio is high. On the other hand, about a comparison alloy, although 
each property also has a thing with the property which is equal to this invention alloy, in balance, no 
properties serve as fitness good like this invention alloy. It is clear from these how the alloy of component 
within the limits of this invention shows the outstanding property with sufficient balance. 
[0061] Since No. 61 (SC-83K) are conventionally excellent in creep rupture strength among alloys and little 
Co and little Hf are included, oxidation resistance is also good, but since Re and Nb are not included, 
corrosion resistance is bad. Although No. 62 (PWA1484) contain Re, since Cr is also low, corrosion 
resistance and oxidation resistance are inferior in them compared with this invention alloy excluding Nb. 
Moreover, although oxidation resistance also with good No. 63 (CMSX-4) and a creep rupture life are 
acquired, corrosion resistance is a little inferior compared with the level of this invention alloy too. 
Although the crucible corrosion resistance of No.64 (Rene80) which are the polycrystal material of an alloy 
conventionally is good to be sure, when it comes to the corrosion resistance under system simulation 
combustion gas, it is inferior to this invention alloy, and on the other hand, creep rupture strength is very 
low and its oxidation resistance is also bad. In addition, in this invention alloy, a P value is [ creep rupture 
time ] 100 hours or more in the range of 2350 to 3280, and the two or less 300 mg/cm high anti corrosion 
high intensity alloy was obtained for the corrosion weight loss in a crucible trial. 
[0062] (Example 2) 

The gas turbine nozzle shown in the gas turbine blade and drawing 5 which are shown in drawing 4 was 
manufactured using this invention alloy No. 8 in an example 1. The vane 1 which the gas turbine blade 
shown in the above and drawing 4 consists of high anti corrosion high intensity single crystal casting, seal- 
izes high pressure gas, and changes the energy into turning effort, The platform 2 from which support this 
vane 1 and combustion gas is made not to leak outside, It had the seal fin 3 which carries out the seal of the 
combustion gas so that it may not leak outside, and has the dovetail section 5 which fixes to a disk the shank 
section 4 and the blade which secure the desired die length to the vane 1 which supports said vane 1 and 
platform section 2. The front view of the core for gas turbine nozzles is shown in drawing 6 at the object for 
gas turbine blades, and drawing 7 . As for a gas turbine in recent years, it is common to prepare the cooling 
hole of a complicated configuration in the interior of a blade and a nozzle in order to reduce the temperature 
of a surface of metal and the interior with elevated-temperature-izing of combustion gas. In order to 
manufacture the blade and nozzle of such hollow structure, the core formed with the refractories which use 
the silica of the configuration of drawing 6 and drawing 7 as a principal component was used. The wax 
pattern was produced around this core, ceramic shell was further formed in that outside with refractories, 
such as an alumina, zircon, and yttria, and what was dewaxed and calcinated was used as mold. 
[0063] Drawing 8 is the sectional view of the mold for gas turbine nozzles in the object for gas turbine 
blades, and drawing 9 . First, in order to have obtained the gas turbine blade using the mold shown by 
drawing 8 , it fixed on the water-cooled copper chill 11, and the mold 10 which has the bypass section 12 
which was open for free passage on the seal fin 3 to the Maine mold equivalent to a vane 1 , the shank 
section 4, and the dovetail section 5 was set into the mold heating heater 13. Next, the master ingot of a 
presentation of this invention alloy No. 8 which dissolved by high-frequency heating is cast in the mold 10 
heated more than the melting point of an alloy, and it is a reduction rate. By 30 cm/h, it pulled out from the 
mold heating heater 13, and one direction coagulation was carried out one by one than the starter section 14. 
Although many columnar crystals grew within the starter section 14, only one crystal of them was grown up 
using the selector section 15, and the part above the selector section 15 was made into the single crystal 
casting. Next, in order to have obtained the gas turbine nozzle using the mold shown by drawing 9 , it fixed 
on the water-cooled copper chill 11, and the mold 10 which has the bypass section 12 which was open for 
free passage to sidewalls 7 and 8 to the Maine mold equivalent to a vane 6 was set into the mold heating 
heater 13. Next, the master ingot of a presentation of this invention alloy No. 8 which dissolved by high- 
frequency heating is cast in the mold 10 heated more than the melting point of an alloy, and it is a reduction 
rate. By 30 cm/h, it pulled out from the mold heating heater 13, and one direction coagulation was carried 
out one by one than the starter section 14. Although many columnar crystals grew within the starter section 
14, only one crystal of them was grown up using the selector section 1 5, and the part above the selector 
section 1 5 was made into the single crystal casting. A gas turbine blade and a gas turbine nozzle can 
consider as the single crystal casting over the whole by using the above-mentioned manufacture approach. 
[0064] Mold 10 was pulled out thoroughly, and it was made into the temperature more than the melting 
point of an alloy until the casting solidified the mold heating heater 13 thoroughly. The back [ process / 
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which sets mold 1 0 to the water-cooled copper chill 1 1 among the above processes ] was performed in the 
vacuum. The mold 10 after cooling was removed by ejection, alkali removed the core, the starter section, the 
selector section, the feeding head section, etc. were cut, and the gas turbine nozzle of the configuration 
shown in the gas turbine blade and drawing 5 of the configuration shown in drawing 4 was obtained. A gas 
turbine blade is about 220mm in overall length, among those the vane of about 130mm and a gas turbine 
nozzle is [ between two sidewalls ] about 130mm. Here, the bypass section 12 is used in order to single- 
crystal-ize the part from which the cross section changes rapidly to the crystal growth direction of the seal 
fin 3 which is the overhang section, and sidewall 8 grade, eventually, is cut like the dead head section etc. 
and removed. By using this, generating of the different crystal in the overhang section of the large-sized 
single crystal casting was controlled, and the yield improved. 

[0065] A crystal is set to a blade. The <001> directions in the direction of an aerofoil division manager hand 
(the direction of a limb 16 to the dovetail section 5) That is, it is desirable to make it grow up to be the 
business which the <001> directions consist of in the direction which a centrifugal force requires. Moreover, 
it is desirable to make it grow up so that the <001> directions may become in a nozzle in the direction of 
vane Yokote (the direction of a sidewall 7 to the sidewall 8), i.e., the direction which the thermal stress 
which the <001> directions produce from the heat cycle accompanying the deactivation of a gas turbine 
requires. It had set to this example and the single crystal casting of less than 5 times was obtained [ the gap ] 
for the gap of crystal growth bearing from <001>. A gas turbine blade and a gas turbine nozzle are thickness 
in a vacuum after the solution treatment of air cooling after 1300-degree-C 4-hour heating, and to a vane. 
The 100-micrometer CoNiCrAlY alloy layer was formed by the plasma metal spray method, and the outer 
layer was further coated with Zr02-6wt%Y203 film with a thickness of 300 micrometers by the plasma 
metal spray method. Aging treatment of air cooling after 870-degree-C 20-hour heating was performed in 
order to prepare the configuration of gamma' layer after that furthermore. 

[0066] (Example 3) Drawing 10 is the sectional view of the rotating part of the gas turbine which has the gas 
turbine blade and nozzle of this invention of an example 2. 30 ~ a turbine stub shaft and 33 — a turbine 
blade and 43 — a turbine stacking bolt and 38 — a turbine spacer and 49 — for a compressor disc and 37, as 
for a compressor stacking bolt and 39, a compressor blade and 41 are [ DISUTANTO piece and 40 / a 
nozzle and 36 / a compressor stub shaft and 34 ] turbine discs. Compressor discs 36 are [ those with 17 step 
and the turbine blade 33 of the gas turbine of this invention ] three steps of things. A turbine blade 33 also 
has four steps of cases, and can apply the alloy of this invention to all. 

[0067] The formats with the main gas turbine in this example are a heavy TEYUTI form and 1 shaft type, 
and consist of a horizontally split casing and stacking type Rota, compressors are [ the 1 st step of a three 
step impulse form, a blade, and a nozzle and the 2nd step of a 1 7 step axial flow form and a turbine ] air- 
quenching types, and combustors are a berth flow form, 16 tins, and a slot cool method. The DISUTANTO 
piece 49, a turbine disc 34, a spacer 38, and the stacking bolt 43 are weight %s, and the total-destruction-by- 
fire return martensitic stainless steel which consists of 0.03 - 0.15% of Nb(s), 0.04 - 0.15% of N, and the 
remainder Fe is used 0.06 - 0.15% of C, less than [ Si 1% ], less than [ Mn 1.5% ], 9.5 - 12.5% of Cr(s), 1.5 - 
2.5% of nickel, 1 .5 - 3.0% of Mo, and V 0.1-0.3%. As a property in this example, it is tensile strength 2 or 
0.2% proof stress of 90-120kg/mm. 70-90kg/mm2, elongation percentage 10 - 25%, contraction percentage 
50 - 70%, V notch impact resistance value 5 - 9.5 kg-m/cm2,450 degree-C-106h creep rupture strength 45- 
55kg /was [ mm ] 2. 

[0068] what a turbine blade 33 is a three-step type, and was manufactured in the example 2 to the first rank - 

- using - the compression pressure of a compressor - 14.7 and temperature 400 degrees C and the first rank 

- the temperature of combustion according blade inlet temperature to 1,350 degrees C and a combustor was 
made into 1500-degree-C class. Moreover, the hollow aerofoil of 280mm of length of a wing (vane 160mm 
and the plat-form section or subsequent ones die-length 120mm) which consists of the polycrystalline 
substance of Rene80 (Cr 14%, Co 9.5%, Mo 4%, W 4%, aluminum 3%, Ti 5%, C 0.17%, B 0.015%, Zr 
0.03%, nickel remainder) was used for the 2nd step of a turbine blade 33. The length of a wing which 
becomes the 3rd step from the polycrystalline substance of IN738 (C 0.17%, Cr 16%, Co 8.5%, Mo 1.75%, 
W 2.6%, Nb 0.9%, Ti 3.4%, aluminum 3.4%, Ta 1.75%, B 0.01%, and nickel remainder) The 350mm (vane 
230mm, others 120mm) solid aerofoil was used. The process was based on the precision casting by the 
conventional lost wax process. 

[0069] Known Co radical alloy is used for what was obtained in the example 2, the 2nd step, and the 3rd 
step at the first rank of a turbine nozzle 40. The 2nd step and the 3rd step formed what consists of one vane 
by vacuum precision casting with the conventional method. The die length of a vane has the die length 
equivalent to the die length of the vane of a blade, and has a pin fin cooling, impingement cooling, and film- 
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cooling structure. Although an one-step nozzle is restrained at sidewall ends, the 2nd step and the 3rd step 
are restrained at one side by the side of a sidewall periphery. An intercooler is prepared in a gas turbine. As 
for a generation-of-electrical-energy output, 60,000k W is obtained by this example, and, as for the thermal 
efficiency, 33% or more of high thing is obtained. 

[0070] (Example 4) Drawing 1 1 is the schematic diagram showing the 1 shaft type combined-cycle-power- 
generation system used together with the steam turbine using the gas turbine of an example 3. When 
generating electricity using a gas turbine, it is in the inclination which adopts the so-called combined-cycle- 
power-generation method to collect the exhaust gas energy of a gas turbine, to drive a steam turbine with the 
hot steam obtained by this, and to have made it drive a generator by this steam turbine and gas turbine, in 
recent years. If this combined-cycle-power-generation method is adopted, it will become possible to raise 
thermal efficiency substantially as compared with a gas turbine and steam turbine independent case and the 
gas turbine of this invention will be used, system-wide thermal efficiency will reach to 50% or more. 
[0071] In this system, air is first introduced into the air compressor of a gas turbine through an air cleaner 
and an inhalation-of-air silencer, and the compressed air compressed here is sent to a combustor. A fuel is 
injected and burned in this compressed air, elevated- temperature gas 1500 degrees C or more is made from a 
combustor, this elevated-temperature gas works in a turbine, and power generates it. Next, the heat energy 
under delivery and gas turbine exhaust air is collected for the exhaust air of 500 degrees C or more 
discharged from the turbine to an exhaust-heat-recovery boiler through an exhaust air silencer, and a high 
voltage steam 500 degrees C or more is generated. The generated high-pressure and low-pressure steam is 
sent to a steam turbine. 

[0072] Furthermore, the steam which came out of the steam turbine is led to a condenser, carries out a 
vacuum deairing, and it considers as condensation. Pressure up of the condensation is carried out with a 
condensate pump, it turns into supplying water, and is sent to a boiler. A gas turbine and a steam turbine 
drive the generator of direct connection from both the axis end the above result. The 90,000kW generation 
of electrical energy was able to be obtained from 60,000kW from a gas turbine, and a steam turbine in 
30,000kW total by the combined-cycle-power-generation system of this example. Moreover, since the steam 
turbine in this example becomes compact, compared with a large-sized steam turbine, manufacture becomes 
possible economically to the same generation-of-electrical-energy capacity. When the steam turbine 
concerning this invention is used as a high low voltage one apparatus steam turbine, and the steam pressure 
of the main steam inlet-port section of this high low voltage one apparatus steam turbine is raised to lOOatg 
(s) and it raises temperature at 538 degrees C, the increment in the single opportunity output of a turbine can 
be aimed at. It is necessary to increase the length of a wing of the last stage blade to 30 inches or more, and 
to increase a steamy flow rate by the increment in a single opportunity output. 

[0073] The steam turbine concerning this invention is equipped with 13 or more steps of blades implanted in 
the high low voltage one apparatus Rota shaft, and a steam flows with 538 degrees C and the elevated- 
temperature high voltage of lOOatg like the above-mentioned from a steamy inlet port through a steamy 
control valve. A steam flows from an inlet port to an one direction, and is steam temperature. It is set to 33 
degrees C and 722mHg, and is discharged from an outlet through the blade of the last stage. As for the high 
low voltage 1 mold Rota shaft concerning this invention, the forged steel of nickel-Cr-Mo-V low alloy steel 
is used. The die length of the disk of the thicket section of the blade of the Rota shaft becomes so long that . 
the die length of a blade is short, and lessens an oscillation. The high low voltage one apparatus Rota shaft 
concerning this example is 0.18 - 0.30% of C, less than [ Si 0.1% ], less than [ Mn 0.3% ], 1.0 - 2.0% of 
nickel, 1.0- 1.7%ofCr(s), 1.0 - 2.0% of Mo, V 0.20-0.3%, and the remainder at weight %. It consists ofFe 
and tempering is performed by water spray cooling at 650-680 degrees C after hardening by 900-1050 
degrees C. 

[0074] The configuration of a plant was used as 1 shaft type which combined with 6 juxtaposition 1 set of 
generation-of-electrical-energy systems which consist of a gas turbine, exhaust-heat-recovery boilers, steam 
turbines, and one generator. Moreover, in addition to this, one generator can be combined with 6 
juxtaposition to one gas turbine, the steam further obtained from the exhaust gas of each gas turbine can be 
introduced into one set of a steam turbine, and it can consider as the multishaft type which consisted of one 
set of one set of this steam turbine, and a generator, and said 6 sets of gas turbines. It is realized in the 
combination of a steam turbine that deactivation of combined cycle power generation is as small as an easy 
gas turbine in a short time, and simple. For this reason, output adjustment can be performed easily, it is the 
optimal as intermediate-load thermal power suitable for change of need, and there is a big merit which can 
be economically operated to fluctuation of the amount of generations of electrical energy. Since the 
dependability of a gas turbine is increasing by leaps and bounds by development of the latest technique and 
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the combined cycle power generation plant constitutes the system from combination of a small capacity 
machine, even if failure should occur, the effect can be stopped locally, and it is a reliable power source. 
[0075] This system was able to perform the generation of electrical energy with about 52% of thermal 
efficiency exceeding the thermal efficiency of the conventional thermal power station. Moreover, since it is 
[ in the case of the generation-of-electrical-energy system which packs two or more combined-cycle-power- 
generation systems, and is made into one plant ] possible to operate the facility under operation by reducing 
the number of driver's stands of a gas turbine near [ where thermal efficiency is high ] a rated load also in a 
partial load, it becomes possible to maintain thermal efficiency high as an entire plant. 
[0076] 

[Effect of the Invention] As mentioned above, this invention alloy has the creep rupture strength near the 
alloy, the EQC, or it which conflicts the corrosion resistance superior to the existing single crystal alloy, the 
oxidation resistance of a category good also in the existing single crystal alloy, and in the existing single 
crystal alloy, and is made into reason high intensity. Consequently, conventionally, the operation corrosive 
environment severe as single crystal casting the blade of the efficient gas turbine for a ground generation of 
electrical energy which was difficult to be adapted, for nozzles, etc., and under high creep stress is attained, 
and the efficient combined-cycle-power-generation system of 50% or more of thermal efficiency which was 
not able to be attained conventionally is obtained. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 2] 
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[isafcfsfc-rsft*©^©] *«9i#e.tt. #*ss^ 

£K!fS©^<ifi&i*£ It, ^*£Jlt#irc©WMfefa±K: io 

oot, r£K^3ft^b^j&#£ll-©fflJ&©^*SJI 
£&*fPRRU 3 6K;£grcft]6tt&|5g9©lal— ©$**& 
S^ff^HifebT. W&- WK<fc14©i¥flfi£mcn>ft. 

c n 6 ©extc -a i> t «*ftHj ©^sstaj© & j^-caste 

^iur^w^fii^TnL-rt^. ia^> P3#fc3*xft 
CMSX-4^>PWA1484B, £ kCcSfcg:. Ifcltl* 
tcW»£#< £3n&Re£3%^tr^£-C*£,, 38* 
©*3t(c4lt»T. CMSX-4(Jt*«{CRe^i^ 20 

sc8 3K©<fc-5&^{cj:b^-t, W&tt£rSLh3-tf-& 

C&jMKHTC&fcftS. Re n e 8 OKtb^S^fcOW 

[001 1] — ?7. PWA 1 484B. CMSX-4i 
|5)G3%R e£t%&«: 6 "f. SC8 3K£|5] 

», PWA 1 4 84©C r ifib%t\&^CLifimmtM 
Hhti. PWA I 4 8 4©<£Mc. S£lSft_h£;g@-r-S> 
** *) C r ©8Sfln**Tlf £ . BA14*s*^j&i 
^STS u^HC*fl/^< 3H-#£ft&. 30 
[0012] Jft±ffl#X£-fc'>©:7 b-- F^©Si5o a p 

M&TSi a ±* £ *) > aSSntt^ofcTai I5IJ1 
©r' ©»fbc3rc*SNbK#SlyTWfttt©fffli* 

<c»W*&3tiTl»ft:l»*i. ISONbCDWSRei 

*3&»K±ia 0 . iWMfctt***" £#>II§&^#R e n e 

8 0 &Sl^i^nCtfil,>||»W;ftt$a^#6*l 40 

& ££#£>#> -3 ft. 

[ 0 0 1 3 ] 3 6K*«iH^fe4*ttl|fbl/?fcK*4*R 
e n e 8 0 iCJttaKITC. Sg^&J^ittfc&^gffll U 
ft£C3ifL6, R e n e 8 0 «fc 0 fe@ftftlf Attorns 
tCiMS^Kftifc. C©J:5&N biSfln©$frHi 
fc <t O'N b£ R e©»^ftI©Jcitl* * * * h * K b ft*** 
#3SflJ©!|r#<h-f £££13©— O-C. CO^^Ji^iStt 
«£*$ffitC&A>->ft ££■?&£,, — yj~C\ NbBTai 

t' H*»{t7c*&LT. ei«©»**-r*. -e©*** so 



^1*2 84347 6 
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it. TaO^Nbi^itn^Ot, 33tK£W&14© 

ms^6. w#©w^«c c©sn^ 
*$r8iK:maibftc £ 4>*^©^©— ?r&£„ 
[0014] 3 6«c*«W©fl&©1*»±-r S «!: C 5 

«. co©*®fe^uns«rm^ttiLfcc£-c*^o ^ 
©^-c«> c o ittffltofflg. £ t, 3 nr i»#Jtp 

oft*\ aM(c^SlnJ±©@Wt?5~l 0%*gKSstltl3ft 
Tt,>ft. c©it£©Co«. iiS^btt^WAttfcJco'Si 

C £ £ 9! 6 *>&t U ft. C ©ffiggH < HI® 3 ttftS©C o 

tt*j«to'*a®s©isj±^*tL-. i>rftKt>«tA>»* 

[0 0 15] 35 ft, W£Ta«{|]*{CflHS3£K©[6j_Bc 

K©t£T£*St. ift^©^a^±©^)m«±KJtS 
4«AtLi^il^^,*i&4. ^©fciWt. M#© 
*n©±PS£JiW Uft C £ 4>#fgBJ!©*im£ T 4 £ C ^. © 
-5f*5„ 3 6(c, ^©ib*©*r-WW£^-SMo 
©^flDS©W^ffiR£«{-C fefie*^#Cc fjr^iSc «^144 
Mt^ftbftC £ fe*«9§©#^£-r^ £ C 5©— o-c* 

[0016] Sft, #|SH;|©1fct**Siti£&g©Jg*g£ u 
T (W+Ta + Re + 2Mo) 4£ t J, — ^WAtt©JI 
«£ U r . ±le©lM*^ ijNb^Cri |5)«icHAtt?r 
=t<T4^*£LrKtSC» > (W+Ta + 2Mo)/ 

(3. 5Cr + 2Nb) S44i, *?SW*>ffll>iT4 

+ Re + 2Mo)fi (W + Ta + 2Mo) / (3. 5 
C r + 2 N b) tb£*5, A (2 6. 0, 0. 95), B 
(2 2. 0, 0. 95), C (14. 0, 0. 6), D 
(14. 0 , 0 . 1 ) & J:t>'E (26. 0 , 0 . 6 ) V 
B£ ftftMte!trt©®BCC{£g-r i> C £ ^ 6*HC L 
ft„ C©«fc ^ &}&»**fft«:3£«>ftc £ &#2feBj3©#8!f 

© — 3r*4„ 36ic. Nbz^m-rttftW'gi&icis 

C^T. itAttic^l*©*S5c^£b-CCr £A 1 - 
^±IB £ lU 0 WA1±(C*t L/ ra©^*^ ^> ft 6T 7clS £ 
U-CW, TafeiCMom-C, M#©tb?r £4t,«, 

ft. 

[0017] g£fc££i©5 *ia^l*^4 ,719, 
0 8 0# (#KBS6 1 -2 84 5 4 5#) (J, PWA 1 
4 8 44^tfffi^©^#-C*4*^ c©-^-^cocir 
tt. Nb«jAl>ffijj£®B&c^*ft£©,&-e, WS^ISH 

30^«^nr*so, niiWK:^Nb^t?^ttm^ 
tcht£i.\ 3 6K. ^©^^©^Bj^Tic^-r^ 

( 1 ) ©Ptt«c*M,»"Cl£(r>iHJiRISH-C3 3 6 0-485 
0T'S>6C£. cfc t )ftf*L/<B3 8 0 0-440 Of* 



(6) 8 4 3 4 7 6 

11 12 
£C£#5fcfc>ft-CI,>£ (5£ ( 1 ) ^©fitttT^-CSfi* * %©fil) . 

P = -200Cr+8ONto-20Ntf -250Ti' -50CTixTa)+15Nb4200W-14W' +30Ta-l. 5Ta J +2 . 5C 
O+1200A1-100A1 1 +100Re+1000Hf-2000Hf' +700Hf 3 -2000V- 5O0C-15OOOB-5OOZr 

- ( 1 ) 



[0018] Pmt®*(D'&&7cm(D®mtcR&irm¥ 

i>3 3 6 O^TIel^Tl^tt^^tje-r+^^S® 
fgfrnhtlX\.>Z>. *^^CDPffll^3 3 6 O£T0 
*ittlKHJ**a*WKKl>C r S£tB*f#>(C<gt,>Ta« 10 

■££:<!:&<. ^tc*t>ML3Jtfl«*S6n. S (l) tt 
mu^sm. £*<©£. £<a3T?ttfci.». J:-»t. CO 

[0019] *?H8©JKiMtlftSl&iB£&K. — Hf^m 

mmm.mit£*)MiLi£M,it-czZo e©**&j&»&&*fl! 

SPn a n«i^^iI»A't4iiBja^S ; &WT^fcisi). Cft6©SP 
$ - tr> «*|SW©*BftiH^©^' U— F ■*» ^ X** 20 
#rajtB£fc*. SfctCCOiSJSWP©*/**-^©*!® 

[0 02 0 ] ±»0fc»»«c«lt©tS*»6*lfc*»» 
©*>^©ffU^Bjj[j. Sfl%"C, Cr6-12%, Al 
4. 5 — 6. 5%, W2-1 2%, Ta2. 5-10 
%, Mo 5. 8%W"F, CoO. 1 — 3%. NbO. 2 
-3%, ReO. 1-4%. HfO. 3%tTF£SW 30 

l . (i)^ic «fc *} ma% -citu $ ti & p ©a* 235 

0~3 2 8 0T*f), m?>T-u]m.(D^m!>) £ N i ^ 6 K 
4 C <!: * iff ft t T >S iSifii aSBSKiH^&T * 4 . 
R=-200Cr+80Mo-2CMo' -2501 i' -50(Ti X Ta)+15Nb+200W-14 
W +30Ta-l. 5Ta J +2 . 5CO+ 1200A1 -100A1' +100Re+1000Hf- 
2000Hf +700Hf 3 -2OOOV-5OOC-150OOB-50OZr CD 

aa^t. mtmci&ibmttezmjm*. *»%r. c 

r6~12%, A1.4. 5-6. 5%, W2-9%<fcT 
a2. 5-8%mTa-Cl 1. 5%J2TF. Mo3% 
ZBtLS. 8%JiTF. CoO. 1-3%. NbO. 2- 40 
3%. ReO. 1-1. 65%, HfO. 3%«T=&S 
*U *>Oi«fe(l)^Ci*)M%-Cff-|£3ttSPffi# 
2350-3280 T**?. ^gfl^FBJig©^*^.!: N i 

L-fc^^Ctt. 11%-C, Cr7-12%, A14. 8 
-6. 5%. W4-9%, Ta2. 5-9%. Mo5% 
JJTF, CoO. 1—3%, Nb 2%%m3L3%&CF, R 
eO. 1-4%, HfO. 3%OT*tft/, *>OmJlB 
Cl)^{Cj;0SS%-Ctf-»3nSPfii^2 3 5 0-3 2 
8 0 ~C#> <<) . 3»«PFnia©iR««J i N i 6 tc S WWft 50 



[0021] mc?g%ig.zm.m?z>m-&iaz. mm% 

T?, Cr7. 3—10. 5%. A 1 4. 5—5. 4%, 
W4-12%£Ta2. 5— 9%£W+T a"C 1 7%« 
T. Mo2%J£TF. CoO. 1-3%, NbO. 2- 
2. 5%, ReO. 1-1. 65%, HfO. 1 3%« 
T£#W 1/ . ^OHfriaCD^tc J: 0 M%T?itll 5 
Pffl^2 3 5 0~3 2 8 0-C*«3. ^gP^BJiB©^^ 
£N i 2p 6 &£iSiftftS^J^^A s ®l< & 

tc. mmitmcmtitcm&tv-cit, wm%-c> cr 

7. 3-12%, A14. 5 — 6. 5%, W4 — 9%<f: 
Ta4. 5 — 9%£W+Ta"C 1 5%fcCF. Mo 1%U 
T, CoO. 1—3%, NbO. 2-2%, ReO. 1 
-1. 6 5%, HfO. 13X£TF%3ttU *»-ogTie 
CDiSCt J: 0 M%-Cstl? 3 tiZ Pfil# 2 3 5 0 - 3 2 

8 o r* o . ms/iPfoiM<D^m^ t N i 2p 6 & & Wft 

[0 022] Biia^lS£WA1t7&si Mc<S*i£iffi. 
fi££S@-f il%t. Cr7. 3-12 
%, A14. 5—5. 5%, W4 — 9%<tTa4. 5 — 
9%mTaTl 5%JiTF. Mol. 8%tTF. Co 
0. 1—2. 5%, NbO. 8 — 2. 5%, ReO. 1 

- 1 . 6 5%, Hfo. i 3xjaT*dtti/. ^-^fltrtB 
costc<fcoa*%-pit»snspfiB3W2 3 50-32 

807*0, £S£lR-oJ iB©^^ £ N i #> £ & £ Mft 

i«^aaa^* s )ibTo^. 3 etc. ifti&ssdE. ssia^ 

A*7>^©J:tiMil/T, fiS%-C. Cr7. 3 
-11%. A14. 7-5. 5%. W5~9%<tTa5 
— g%£W + TaT 1 4. 5%iilT, MoO. 2 — 1. 
8%. CoO. 3-2. 0%. NbO. 8—2. 5%, 
ReO. 1-1. 65%. HfO. 1 3%KT4tf 
U ^OHfffB(i)^CJ;i9S«%-ef+»3nSPfil*S2 
3 5 0-3 28 0T?**), mM^"JM<D^m%>ltN i * 

x©<i:(,»iiajs;£cr. ss%r. Cr7. 3-9%. a 

14. 7 — 5. 5%, W5— 6. 3%, Ta5 — 7. 5 
%, MoO. 5 — 1. 8%, CoO. 5-1. 5%. N 
bl. 3—1. 8%, Rel. 3 — 1. 6 5%, Hf 
0 . 13 %«T£^W 0 . *>OBff!a(i)ityc <fc r> sa% 
-Clt^3n5P{a*52 3 5 0 — 3 2 8 0-C*0. ^SR^F 
njai©^*6«! iN i iPhti. SiftW AiS^SjS^^ L 

[0 02 3] ^*J. iS^S£W614©^?r*mL.. it 
Mfbtt*«tai»ttC»Htett. C o *JJ:c>*H f tSitemccMS 



13 

L. C r 6~1 2%, A 1 4. 5~6. 5 

%. W2~12%. Ta2. 5~10%, Mo3%5rS 
£5. 8%&.r, CoO. 1~3%, ReO. 1 ~4 

%. Hf o. 3%trF£^rL,. 7!p-PBaiaa)^;^j;o 

fifi%-CiH?;*ft&P<ii#2 3 5 0~3 2 8 o-c*o. 
m^»!M<D*ffi&>£N i 6 J: 
M^fc^£:/iat£t¥©5 *ife0ll©H 1 (c^T J: 5 tern 
mc (W+Ta+Re + 2Mo> *££9. ilt(C (W 
+ Ta + 2Mo)/(3. 5 C r + 2 N b ) it&i-S 
i. £<(C. A (2 6. 0, 0. 95). B (22. 
0, 0. 95) , C (14. 0, 0. 6) , D (14. 
0. 0. DttitfE (2 6. 0. 0. 6)T'B**i/c 

[ 0 0 2 4 ] IjUiO^&fflJiSg*©^ *i. ^ittfiJ© 

@2CC^-TJ:^{C2Nb/ (2Nb + Ta) tb^O. 2 
~0. 8©tBliT5C<i:-C, Sn/ciSi&SiftiltAtt 
^WiE-e^f-S. &/t. ^©^ffi^S*©^ (3. 
5Cr + 6. 8A1) / (W+Ta + 2Mo) tb42. 

tK^x£w>^> ft**. *mwc>5%<Dm3mw 

<b+B$$5M*©r' Wf$!iii5 0-7 0%, fcJ:^IS 

m\Dcvv>irmb £ fcttffl mztKicm&s n & c t -c , 

fin/ciftfi^fiiW&tt^^ns,, c©i«SiW:gi 
fl5®lSWS^^l*. 1 04 0-C, 19kgf/mra 
"Cffi^'J- 7'KfrB^Ri];0S I 0 0 B#RflW±. 5 
Il%Na,SO.-2 Dli%NaC 1 jg^tM^j*i*W 
.ftiCfctf S . 940-C. 5 0 B#H^©^A^S*5 3 0 0 
m g / c m • JTF©*!f1±£ f# S C <b **"C £ S . 

[0025] #»»©5%©»4»wtt. mz&wiciz 

-F«> 9*-f X^CtffiS&Sn. ftfv X^©@5£SP£& 
S^yr-^SPi. ^£*^x-;t'gPfcg&£i'+>i'gP 

3t/x%S/-;l/T5^"-7 » h^-Agpi, fifc^* F*- 

Agpic»&^TSss#x©aj^T£g§p<t£^u mm 

[0 0 2 6] Cftt><DiJX**-idls-7\s- F3: 

m*^2. 5^KWW±©ffemffl£UT/B<,>S*§^. S 
^r6lCD^S« 1 5 0 nmW±r-*-S'i:«*i*>-S. #ffeBJ3 

Jtc*y^-jmt. c ©#?7- -^© 
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flBBHK— - mc&w>2fttcmmztcim%«Du-)i? 4 > 

^m/c^ + ^i'gBi. C©^ + >*SPK:»&&3lgP£ 

Cr6~12%, A 14. 5~6. 
5%. W2~12%, Ta2. 5~10%, Mo5. 8 
%£TF\ NbO. 2~3%. ReO. 1~4%£^W 
0. *iOH?fB(l)^C c tO*S%'rttfi[3nSP<ii^2 
350~3280 <3 . JSSR^pJiffi©^^ N i X' 
A *> N i 6 ft 9 . HuiaHSP. V + > * §P*5 <£ £>* 

(effi^ee s ■& W6a«««:««-r * mut^t* was? 

[0027] *^bj©^ nomsmmt. ±.i&<Dim-gz 
jK®m.mm&mm>fr 6 a « c t 

IfriaMgRtiM^OIf -Y HO * -;HH]# 7 0 mmfe(±, 
# X APIS') UiP WI £ -?<D& $ *! 1 0 0 mmfcLh <!: ^<C S 

[0 0 2 8] *^tC^S**X^-t>^XJl/W. MSP 

^SSPM^C^^nfcl?-^ K0*-^i5r«^> 
SSPi. ^MSPW^ci9:W6tifc-9-^ *-)l<t*ffi 

fiS^-C. Cr6-12%, A14. 5~6. 5 
%. W2~12%, Ta2. 5~10%. Mo5. 8% 
Ji(T. NbO. 2-3%. ReO. 1~4%£§WU 

*»offlnBCDSCtc«t o sa%-ci+»sn-s pom 2 3 5 

0-32 8 0 -C<fc 0 . ^gP^pJieoO^F^i N i ~C#>i> 

n i m&&iy>htj. ») . B«ie*»tcta^-r4> - >hmk: 

t. flfna^">SIMi''W^"X||MrtON i 
BJ© 5 6 =i > 7* U v «fc 0 Jim Siifc 

lb. a^[©7 :t ^x^ic§^ffii9:snfc*i6B^ii4©^/ 

[0 0 2 9 ] #feBJ3©5^©^7SBJ!tt % aVT'Ui'if 
BJ^5©^X^-tf>yX;l/?raL/. »f^?K 

comazzmz. ^^j'lsy-y-icjzKiK.mzfttcg.m.zM 

*3tir. -e©H5^*X**f6B^^5©^X^-t>yX 

4©^x*-fcr>7'u- Ftcafgi^-ii-rig^u- F*ia 

50 [0 0 3 0 ] ##£B^c*iW3#X£--t'>«, 
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ypbcj: -> TEEffl 3 ftfc«&f4#* 

x otitis: 3 ftfc-T'u- Ftci^s-a-rBE^u- F*m 

^-S^^r-^gPi^U. IS^U- FfcJctfiffriB^ 
XjU*S£KK?. Cr6~12%, A 1 4. 5-6. 5 
%. W2~12%. Ta2. 5~10%, Mo5. 8% 10 

CoO. 1 — 3%, NbO. 2~3%, ReO. 
1 ~ 4 % . H f 0 . 3 %«T*^W L. . *>o jwlfi (1)5$ 
(Cj;i3Ma%-CH-#§4T-2,P<i*S2 3 5 0~3 2 8 Of 
. J»g|5^Jjg©^F$ifi!KiN i *»6&5N i S^<D 
iHtellSS^e C i I/. *fc«rse*R«*/X 
SK* 5 1,50 0 °C^±-CfeO , buIB^U- Ffe<fcOV 

mtf^U&ifi 1,3 0 0*CJW±-C* t ) , BlilB^U'- F© 

B«fB ✓ X;U©*7Jg#iW!BN i 6 20 

£Mt&Sft*2. 575"kWJy±rASCt*^iS[t 
-f£fe©Te&£o 

[003 1 ] #|BI!©5S©W9»SW:* *arc»Wl4 
iSi&^fCckoTl!gg*Sft&;tf*#-b*>£. sg#X£ 

HuiBTk^mici-^-riEKi^n^^Mf- 

fcf > £ , fj IB*' X £ - 1* > J; LK^Ja, £ — fXCi^t 
r, fufB# * £ - tf >ccfc&W^ 6—358 ®t>-rft*>© 

#*£-fc>%ffll,>£C<i:tCcfcD. 7*7> h^f*©^ 30 
3p#s5 0%lXh£^SC£€:^®£-r-6:T>-'S^> FU" 

[0 0 3 2; #(C2|S|feBJttlgj$T^i-iij8SjgE**^tC«t o 

J: * - 1 > tc J: o TfMfr 3 ft Zftimt *mz- 
- K*3SJ£LhWU filB^*'^©»]l2^b- FAP 

MB.fr 1300 -cwi-e. t>aiP©^giESF^?a 40 
mt 5 6 0 'cjji±-c * o , inriej^SMs jr# -r ^ j: o -c 

5 3 0 •CU±<D*M1Z.Zm. BUfB^M * - C >l*?H£J£ 
iajggA5 5 3 0 "C«±-C $> «5 , iWiB ii* Z - f >©2£ 

3 7? k weLtr* o . msmMmw 5 0 % jw±-c & z 

[0 03 3] 



TStSfeft. 6~1 2%ltmJZ.?Z><. »ittCB7«fel 
±, ^6KS$L<tt7. 3%JJLh#M£LA>. «tW 

[0034] AiBNi &&mm&&<Dmuwnt*m<D 

S^7C3^-C&0. CO^cMOTB, Alltt^l^ 

ia>„ s;fc» isiESftcA 1 «n i mBm^k^^m 
7cm-ci>&z. r' ta«a*iSfiS«N i 3 A l-c^^ft 

i>ifi. AltW<DTi, Ta, W, Mo, Nbft:£'©7C 
^Sjg-r-SCitCtOS^tc^t^ftSc Cft6©7C 

^aTS©-C. CftfcSffl (rtB) *--M@^3ti:S 

[0 03 5]^©/^, AU*Sffi4. 5%^j^<h 

•rs^. 6. 5%zmz.zm&<DmMitT' tt&&7&% 

Jf&WC. i&mtfMlcigrF? S/c, A 
ia#±fB<DTa, W. Mo, Nbfti'Cr' *S©@r§ 

^tctec^r, A1W4. 5-6. 5%©$BH«:PSS-r 

-C*S„ JrOffia^lK^Wfe-Sfl^CC^Urtt, 5. 4 
■9«yT©i8iJa#S*tA>. «*>Sf»&ttH»4. 7- 
5. 5%-C&-5„ 

[0 0 3 6] W«rtB*5cfcO*r ' fficc@^bTWffi*?S 
^bTS7E^-C*«5«(£2%*^£T^. 

tot. W«2~l 2%©ffiffl(CPfi^-T^ 0 * 

fc, 5ss©m^>^«4%«±*w®-c*^ 0 s^tc, 

tbM. StfS. W6t4£l,^fc^^>X{C*iC^r»4~9 

%<omm*mt.^K <*;f3M^L,<«5-9%r, 

4CS?jiaiC«5~6. 3%©ffiffl-C*-6„ Mo feW<L|SJ 

«a-Moffl^Re-Mot64ff{iiL f 3£jg£ffiT£ 

5. 8%WT©ffiH^cBKSf $fc. #K®tba?r@ 
W L ? i, 3 % ^ffi^. 5 £ -€-ft K [* 5 W + T a 
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(E>(2{g(r>£ft*S£ L/ < . MofcHt? XCCtS 5 %J£TF, 
J:«3ftfJitc«2%lilT. 3i~>(cSI£b<»l. 8%« 

%ffi^fcJ«^{CB. 0. 2-1. 8%©S5B#SIgl> 

<. «tow®K«o. 5-1. sott?**. 

[0 0 3 7] C ott^BJ^tcte^T, 

is-a-smsi. iSva^fw^cT' ta©@?§a*if»n 
c o kbhot-c fc«s%^»ns^s?s-r s . c ©<fc 5 

tmW£yTc#>lC. Co«S(B0. l%©Sj»;&g<*:T 
& c LfrU 3 WBMfcte*»itftttK: 

£7c. TC Pffl (topological ly close-packed 
phas©&l*tftt*Wra©£l(3S4£D-* > *"< &£©"CC 

o«o. i-3. 09acRgs-rs„ 20 

[0 03 8] N b-t>R e£^Wf SUMfeH^tCfcl,* 

^©^©-o-C* «3 , i*3ffS(Ct*0. 1-2. 5 
%©tiT-$,5„ ct i 3a*U<«0. 3-2. o%-c. 
S^fcWj^tCttO. 5-1. 5 Nbli, 
BJlcfc^T. Re ££&{C-££<DiBf:£f££ia<65<DK:. 
^©a5jD7n* t'*S„ COi^JtNb ©It:ft14&#© 
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i&otl^^No. 6 1 i6 3&C-X>Ttt. 
^SS»Tft^^6 1 0 4 0*C- 1 9 kqf/mmHctB^-r-S 

[0 0 5 5] *&iSMjM*l&«##£SB-££<D— 95 £ fit 
3fc^N o. 64 (Rene80) Ccot,>T©<&^S6l, 

*is*K»*fflt>. no. B4iz&i&Fm&£<Dun*m 

900'Cx7hx71f-Y^ JfrftMUL ^-ZUtfrft 10 

[0 0 5 6] ^S^m*^B^^fcJ;0-J:biJ^K: 
Ol^TW. 1 2 5 0—1 3 50 *C(Dt6Ht?4 ^HlJnl^fg 

@^bMIIf^©B$^mcoi>T«. 1 0 8 0-CT4B# 

BHiifl»«a?&±*ftK:ifc< 8 7 o-cr2 oB#rajra«if^ 

o. 6 1 (SC-8 3K) «1 3 2 0°C-C4B#Fatt]l^fg 20 

1 0 80-CT5 ISIfflftl&m^&fe <fc O* 8 7 0 °C-C 
2 0 hflD«^?&©«WHl*ff ft ofc. No. 62 ( P 
WA 1 4 8 4 ) fct 1 3 1 6 'C-C4mSimimtii bft 

1 0 8 o °c-e 4 i$mfl[iJKi»£&. $ h <C 8 7 o °cr 
2 o «ffiiflrt!t»3S»©jiwaa*ff ft -a tc 

[0057] No. 6 3 ( CM S X - 4 ) SJ. Cannon-M 
uskeqonttCD«^ i«I*tt(HiJU ; "Sfr- 

ffi ; Witm, vo1.76,(1990),pp940-947)K:^*3'g\ 12 
7 2 °CT' 2 ^Mfi^ttAa. 1 2 8 8 "Cf 2 IWMCffe 30 
gjg, 1 2 9 6 °Cr 3 H#ra®f#^S@. 1 3 0 4 °CT 3 
B*RUGB*fftJFHB. 13 13'Cr3 B#|ilJS3#f&#j&, S 6 
K13 1 6 0 C-C'2^«^^^©6lS©ji^@^<b® 
1 0 8 0 °C-C4B#|f3«J$f&£&£ 8 7 1 °C 

^*SSt^rfi6m3n^R ene80tt, 1220 
*C"T? 2 l$mZlUKt«3»& L-fcflL 1 09 6'CT4 B$Mffl]^i 

tg^ft, i o 5 o °c-c 1 6 mrsmmtk^}, s e k 8 4 
5°c-ei 6NFiaijn^^Lfc*>©*ffifflu/c. 
[ 0 0 5 8 ] m 1 <£ 9 . &mw£;&<Dm%& ( 1 ) 40 
gsnspfii«^-rnfe. *Hftttiii4. 719, os 

►3. *^BJ^No. 1-3 2«(,vrft6JI« : ftW& 
14. MBtfbtt. f U-rflRWr**, *U-:TO»H*o f *J 

tttcot^rtt, SolilSAMS'C^N o. 6 4 (Ren 
e8 0) £|a)^&£t,>tt-eftK:i5<,>L''<.>u-c\ 

&K. H^^^^^accfcOT, No. 6 4 J; 9 50 



t>T&N o. 64 (Rene80) cfc«5, t&Sitigft, 
fi£3fc^©&2>^fcJI«ftSI$RK:A3,, 
[0059] S/c ^y-^TRBr^tCo^-c^Tfe. 
#lfeBJ3£:&«*ft© ©-Cfi£3fcl=r£N o . 6 1 ( S C - 

8 3K) &«t3»ra*©*fra*»&4v &3§©£>©Tfcfi£ 

*^No. 6 3 (CMSX-4) tm%ffrtt-?MC 
TI5]£«ffi©??NSrC#>r>> C©3£g«itM£ifir£#£b 
T, ^L/^Oftl^U^U-C^-S. 3 0 1J:«5. * 
^^©Mttlr^ftife (W+Ta+Re+2Mo) 
#14. 0JW±. (W+Ta+2Mo) / (3. 5Cr 
+ 2Nb)#0. 9 5KTKAoTC>a. *fc«£sfe©tt 
*>Ka. 0 l©#2SHJ3Mig<©ft;aHCAoTl>&k©fc* 

flll*jj:0'a«l©*^^©^*«. A (2 6. 0, 
0. 95), B (2 2. 0, 0. 95), C (14. 
0, 0. 6), D (14. 0. 0. 1) fci^E (2 
6. 0. 0. 6) rB£ttfc^«<rt©ffiBGC*t). #«C 

&?£bo&©-e&3,, 

[0 06 0] $/c. fSHMK. SoiS^^i 

^•j-^ssieiBira^io^ i#*2Nb/ ( 2 n b + t 

a) tllWc^tftS. f^^iL-r. *mW-&& 
No. 6 . 1 4 fccfctf 1 5 tib^^N o . 4 1 *J<fcO* 
4 2©<&©ffi£0^-r&#, C©0#>6**6* J ftJ:5 
K2Nb/ (2Nb + Ta) tb#ig< ft£S3:£\ »Att 
< ft attcjftfiSSfl&WiSTO v 2 N b / ( 2 N 
b + Ta)tb#0. 2-0. 8©<tC*>KW£tt£3£K 

<£m®mM&mwi,&mitR&? o. 5 c r + e . sa 

I ) / (W+Ta+ 2Mo ) tb©^*^^". C©E(C 

mmWOtjifrX'lt, O. 5Cr + 6. 8ad/(w 
+ Ta+2Mo) tbtfWoa^. WA14*5«n^^{C 
-7^, i:b^#(COl»T«. 11^© 
#tt»*^?g^^(c EfifcT •Slttt?:^ 4> © & * £ 351 . 

i«fte.ft(,^„ cne^e, *^BJ©^$Effirt©^ 

[0 06 1 ]^iO5^. No. 61 (SC-83 

k) it? v -^msimmcmti-ciot) . ^s©c o <t h 

f SrStf^cto&cW^fbttk&l^. Re, Nb%^?c 
l»fc«?)CC WAtt*Wt». No. 6 2 ( PW A 1 484) 
l£R e?r#tf^Nb^^$t* . CrfefiUfcfeK, 
ttiiW^btt^^BJ^ictb^T^-^-Ct^. Sfc. 
No. 6 3 (CMSX-4) ftiW^bttt * 'J - 

7-6SBW^if#6tiS*s, -?>«i9WA14Ai**W^© 
U-^;WCj:b-<-2>i-?'-?'^^„ ^*^©^*S^W-C* 
No. 64 (Rene80) BH3&»tc4oHtiffttt»fi 
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ffitf2 3 5 0*6 3 2 8 0<DfBH-C* "J — :/BH8rB#IBJ#* 

#3 0 0 m b/c m J «TOffilSAlS*a^*n#6n 
fc. 

[0 062] ($ftffl2) 

x^-t*>^u- F*iJ;D r 05K:^T^x^-e>yX 10 

+ 4 fc^D^U- F*f r -* X^CcBS 
^£ ^T^UglS 5 Tt,>£,, 06tC#X£-fcf> 
^u-Fffl. ^Jctfx^-tfwXjWB©^©!® 20 
S^^nTo ^©#X*-e>«*8&#X©JiRafb5cf# 

5Ci tfHRWT?* * c C © J: 5 & *SSflBi© ^ U- F 

?>v ZA*«*rsfc»K, 0 6 *s j: zm 7 ©B*K 

© 5/ »j * i ■*■ & »*<»TJ&JS 3 ftfc 4^f *fl3 l » 

tc. C©tp^©St>0(C7 9 J^iflFRL, 3 
■€-©WM(C 5 ^ . a > j; t>* 9 h ■) T #©W 

[0063] i8lWX^-t'>7'U- Fffl. @9te# 
X*-t >^X;l/ffl©»S©EKffl0-C*€>„ $fe-T> ®8 

35 1 2 SrWrStSS 1 0tt?k&*i?* 1 1 ©±(C@5g 

Jl<£fln&r^jS? L/t#f&BJi^N o . 8 ©JffilS©-?* * 
- -f > =f „ h % . ^<Otkl^LtK.1Sm O fc»S 1 0 © 
t^iclIjA^, S|£TtfiIK 3 0 cm/h?mWJUMt- 40 
d?-13^6?l#ab. X£-£-S|Jl 4 £K>mx— fi 

■Urt^gTS* 5 , -feU^-SBl 5£fflt>T-?-©i}J©— 
o©,f£H©#£ J&R 5 12\ -SB 1 5 J: 9 ±©SP 

#x $ - 1: > ; X)\s*nz> tea. ssp 6 (cfg^-r ^ - 

>gSMfc#tU-c-!M F^*-;l-7, 8tC^jlU/c^'-Y^* 
xgp 1 2 £W-T ££SM l 0 «7k^ii^Ji/ 1 1 ©±{c®^ 
U HSiftl&fc-*- 1 3©*K4z-y h L/c„ is 

mi&mm-v®MLtc*mw&&N o . 8©«^©vx^ 50 
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--f >a ? h ^©MS.^±fcftI^U/t«M 1 0 © 
*CC*K&#. ?l*TlfiIS 3 0 cm/hrtSM&it:- 
1 3*»P>3l#fcbU **-*-am 4.fc«JlH;fc— 
fa@H3-i±fc„ X*-*-gin 4rtmK-3fe©titt 
n^ft-r^a*. -bU^-SIU SSrffl^T-ecttJC- 
'OOilgJIo.&fcfKgS-fch -feu^#-g&l 5 «fc«P±©g|i 
Lfc. ±®©SfiS^4ffll^Ci 

[0064] siMfln^t-*- 1 3itmmi o&%±t,t 

3l#tH3ft. ilii^^lc^S-r2,3!-C^©B4fiSW 
±©?aS<bb/c 0 JW_k©Ig©5-£7k^^l 1(CH 

@4(c^^-jfJK©^d?-fcr>^'u— Fte«fc^05tc^ 
•Tff^©**X ^ - 1* > y X)V%Wc. ISXZ-M^-fXs 
- F 2 2 0 nmf, -e© 5 %SSU*5^ 1 3 0 mm, 

^^-tr>yX;KJ--D©it^ F9*-iHffl*J*»i 3 

0mnT-*S. CC-C, 1 2 WSStti LSBr^S 

is-*? j yzte&WJ F>5*-;U8^©*SSfi£S^ 

[0 0 6 5] $g B ^«. ^U- FK*»t>"Ctt (001)^ 

fa) -)i 0 <o o l > ^fa*^-il^©*i*»s^facc 

-at (001) ^fa*S»g|J«*^fa K>7*-A7 
F^^-^SW^fa) (C. (0 0 1 > * 

fa;&s ^ - fcf >©|ittff 5f»^-Y * 6^ C 

•s^js^j© ^-s^fa tc% s ck ^ fci&s stsct^a 

$b^ 0 4^S*W«c*5«,»T«c>ria*» (001) ^fa*> 

e>©MSB£fi*fi©-rn^ 5 s«fa©*Ms»ji^» 

;ui fe, *^*-c 1 3 0 0 ^BSraflnSfc&^frDHiSft 
i!ttll©^> MBI5tC©$ 10 0m m©C o N i C r A 1 

Y^^a*7-^x-7j§sfs-c^b, 3e.(c-e©n»tc 

J53 3 0 0 (im©Z r O, - 6 w t %Y 2 0,i?:77X 
v^f*fS-Ca— th >i?Ltc, 3 5.^©^ r' IB© 
m-Vtt&Z. £ gWC 8 7 0 -C 2 0 B*ffflJM&&£te©l$$!l 

[0066] (mmm3) m 1 o immm2<D*mw<D 
ax * - 1 > ^ u - f *> <t xju* wr s ^ - 1- 

>©[5]|glH3^©iTSS-C*5„ 3 0«^-fcf>X^f^'> 
t7K 3 3W^-tr>^U- F. 4 3tt*-f>X^ 

X^>hf-X. 4 0B/XJk $ -J V 
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^9, 3 7«n>^'U^1f7'U- K. 4 1«3>7'U 
v-V-XZ •> =ff> 4ftjf.il/ K 3 9(i3>^ , u >if^^7'^ 
t7F, 3 4 - i£-fcf>7 r -/X£r&.5„ -^fSBJcDtf* 

£-tr>B:3>:7*u*--*-f i .<x*3 6a*i £ 

^U- F3 3tt4I3©i^6&f3. L^-rntC^*^© 
[0 0 6 7] #*jfeWC:teW'5#X£--e>'i, £&ff$ 
x*?*>^5$n--£a>6&D, EBHSmt* l 7 la** 10 

-x?a--f, 16k xa* V *?-)Vfi&xlbZ>« f 

-y X£> h £-X4 9, ^-fc^-r-f X* 3 4, X^c- 
U-3 8 . X£ y="r>£ftjOI/ h4 3«Sfi:%T\ C 0. 
06-0. 15%. Si 1XJ&IT. Mn 1. 5%« 
T, Cr 9. 5—12. 5%, Ni 1. 5—2. 5 
%. Mo 1. 5-3. 0%. V 0. 1-0. 3%. N 
b 0. 03-0. 15%. N 0. 04 — 0. 15%, 
SSSBF etPhteZ^febizis-vhT^V-J YMiim^h 20 
ft-S. ^^tctett It. "j|^5S3 9 0~l 

2 0kg/mn\ 0. 2%Mt) 7 0—9 0 kg/mm\ 
10-25%. 5 0-7 0%, Vy^SSgffi 
5-9. 5kq-m/cm', 4 5 0 "C- 1 0 6 h ~y'W8\ 
Sftg 4 5-5 5 kq/mn I -C*o/t 0 

[0 0 6 8] $-t*>yb-F3 3tt3gSf, *7JI3CC 

mnm2-cmmi>tci><Dzmi\ m$©m-e£ 1 

4. 7. fiS 4 0 0°C. ffiS^b- FAPSS5: 1 . 

3 5 0'C. ^J&ggK: J:Sii*'XfiS^ 1 5 0 0 °C,fS«i: 
L/fc„ $/c. 2- t*>^"U- F 3 3©2f2@tC«:R e n 30 
e80 (Cr 14%. Co 9. 5%, Mo 4%. W 4 

%. Al 3%, Ti 5%. C 0. 1 7%. B 0. 0 1 
5%. Zr 0. 03%. NiglStf) ©£M£IIrf*#>6&£ 
MS 2 8 OmmOSoB 16 0mm. 7*7 v r 7 * -Ag|3Ji , |5$ 
fi£ 1 2 0nim)<D4i^-«*ffl^/c. ^3KS'C«. IN 
738 (C 0. 17%, Cr 16%, Co 8. 5%. 
Mo 1. 75%. W 2. 6%, Nb 0. 9%. Ti 
3. 4%. Al 3. 4%, Ta 1. 7 5%. B 0. 0 
1%. Ni ^)©^&Jifl-;k6&£Jifi 3 5 0mm(ll 
SP 2 3 0 mm. AS 1 2 0 nrn)<DtpmM*m^tc. MSB 40 

s»opx r v ? x&«- j: zn®mmm ic <t a:. 

[0 0 6 9] £-fcf>-/X;U4 0Cr>?gr|^c«. HJS^2 
Tff/cfc©. ^2f3feJ:^3lS(c»'P[*n<DCoS^# 
ASMl^hS. »2©*J<t^3©'*St*^c«fcDX^ 
fflS^tciorMSBl ^^^©Sr^U/Co M 
m>&2lt7l<-* F©3g^©fi;*tcffl|!rf 

;l/A<££Pt*fj*l£W-r £. 1 18^ XJK*1i-'f F ■> * ~)im 



[0070] {mMmA) mi \\tMmm3(Diix^'- 

F-9-W^Jl/^m^X7 1 -A?r7KTmfflS'gI-C3b5„ tfXZ- 

zz/*mmLx&m.*fttj:5m-&> fi^-ett^x*--^ 

t#X*-fc*>£^S$£lg-i&T5J:5'CL/c. ^t> 

«> * =j * JUMt^-feawr €,«rfii(c* 

*'X df- ^>*jJ;C>m«*-b'>#!*©J»^<!:l:b^Ur 
JR»**:*«K:i5Lh 3ii5Ci # pjfg i % 0 , "WJ© 
#X*-f >=£JB(,iftW". '>X-f-A^©KS{i5Cf|-?-i5 0 

[0071] $^fA-c», s-r^a,*©^ ^ 
i -r b >t>-*ji-t» -c ^/x - 1* >©^»h^-c 

5 0 o^io^ia^x^f^o . c^ifts^x-i^-t* 
m s n/t 5 0 0 -cfe(±©gfM?r . gmit -fu^i-j 

TSE&PifXtf'^^ii-}. #x#-b->gf^©fN-i* 

[0072] sf>K, mm.*- tf>*afci«si-£a*s 

HfSBJJRL-rtlWci-ri. ffl?k«. m*tf>rf 
TIE e tlM* ittoTtf^^enSo feLh©*§ 

^x^-t'>i^.m^-t*>«, ifiM©^ti^-e 

Ji/*^>x^-A-c«i:f3**x^-tf>*56 6 77kW. ^a, 
^ - fcf > 6 3 7j k W© h - £ 9 73 k WCDfgm^ff 

^a ^ - 1- > {tMm^-wmm^ a- - 1* > <b u , c©in 

®E-i*S[^f-b>©-^MAP^©^«J£-*-fc 1 
OOatq'C. S(£«5 3 8'C(C±^3l±SCi(Cj;i3^ 

-t'XD^tH^©it»n?r'a^c<i:A--c^5 0 m^a* 

©ifflD'Cj; 0, FOKS-S: 3 0 -f>?W± 

[0 0 7 3 ] *^(ic^S^m^-t'>«ii^®ffi-^^^:•r^■ 

□ <fc 0 Btja*©iP < 5 3 8 °C. 10 0 atg©lsSlaJiEt1l£ 

A-r-s. ^«Anj;o-77rS]tciiiEn. nmss 33 

•C. 7 2 2mHgi%-5r^m©-/U" FiMOBiPJ: 
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h», N i -C r -Mo - V <&£&M4XEMIItf M ^htl 
&„ 7 Y<D~7l>- FCffiji^aB©^-* X:J>© 

IO-^^H«l%t-C 0. 18-0. 30 

Si 0. l%kTF> Mn 0. 3%KTF. Ni 1. 
0 — 2. 0%. Crl. 0 - 1 . 7%. Mo 1. 0 — 
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2. 
0. 



0%. V 0. 2 0 — 0. 3%. 



F e£9& 



9 0 0-1 050 °c~e7k.mmti}mc J: oT^Ati 
6 5 0-6 8 O'CT^fc^LMSfeSttS. 

[0074] y^isvomms.. gnt»ua 

fc. c©ffiK#x£-~fc?>iefc:*tL.%m«gi«£6-? 
M^csa^^b-e, s e>(cs*'x t*>©gM7x#> e> 

t#/cs^£ 1 13<mm.$- t>K#AL, c© i twm 

•^©fsm&fc.j; tfiwta 6 m.(D #x z-k: 
mt. mm@±*mGfm-c&mte #x 1*> £ '\m~c 

£tcm&§my 4 7> hit, sm&mvm&'&to-e 

[0 0 7 5 ] ^X^AJCfc*), fi£3fc©^#feS©$!#J 
^£±12]&*-J5 2%©^J^r*©#6m£?T& 5 C £#T* 30 

4Jiiftr-oo77>l- £-r£#6^>x-7-A©t§-£\ 

gft9-^#cDt»^-*>*'x ^cDaig^^me-rc £ 

&lT&C£*nfftg&/c«!\ -7*7 > F:£ft£ LT*t>Jlfc2fl 
T S C £# njfig£ a £ . 
[0 07 6 ] 

c^y-^tKSfiK^fiSL-c^-s. -e©*g*. ta^st 

-F^X^ffl^WSfitSJ^tLT, 

®rc£tj:iP -otcfmm 5 0 %«±©W5f»=i ^ > F 

[HiB©ffittttiB9i] 

[01 ] KENtC (W+Ta+Fte+2Mo) ©{{!££ 
•3, MifctC (W + Ta + 2Mo) / (3. 5Cr+2N 50 



10 [0 



b ) ©fl£ £ /cB$©:£&W©WiW:fttt**§J|-&£©m 

[02] ^oiJ^j^Si ^BrB$F^ 2 
Nb/(2Nh+Ta) ©SJS^^-f 0r£>S. 

im 3 ] *^-^©^B«s«is5ii«atcRa-r ( 3 . 

5Cr + 6. 8AI)/(W+Ta + 2Mo)©» 
[04] ##&^t&S#X£-t*>:/b- fomwc 
5] *^JKl^-5>^^-e>^X;W©M?I0-C* 

[06] *^^s^x^-e>yi^- F©$s{j§(effl 

1 >fc ct«T©iEiB0-e * £ . 

[0 7] ^^(C^S^X^-t^^X^©^^*,^ 
fi:4JT-©IEBD0-e£>£. 

[08] ^BJ{C^^^X^-tf>^U" K<0«ft£8. 
fc^rT, #x£-b>:/b- Fffl©S*M©*atSlr®0^& 

So 

[0 9] #^tc^s#x*-b>yX;i/©MjfcW££ 
ffrf. *'x^-i^>^x^ffl©^©«t»f®0-r*s o 

[010] *^BatC^S^X5r-bf>©^S;0r*So 
[011] *»W«C«S=J>^-f>F-9-^*^b««^^ 
T"A©«^0-C*So 

l 

2 yv^h7*-Ag|5 

3 •>-;b7y> 

4 ^ -t- > i'SP 

5 ^'V -r-JUSli 
6 

7,8 If-/ \r^*-)V 
1 0 

1 1 TkftMf-fo 
1 2 M-Y^XSB 

13 USSJJUJIfcb-af- 

14 ^^-^-g|5 

15 izU^^-gP 

1 6 

3 0 $-^$/->t7F 

3 3 £-fc*>:/U~ F 

34 ^-t:>f t -fX^ 

3 6 ^^^b-y^^^X^ 

3 7 n>7'b y-V -7 Is— F 

3 8 5r-t*>X^— !f 

39 ayy'U •^IfX^^'f -f 7 h 

4 0 ^ X'Jl/ 

4 1 3>7 , U- -^-tf-X^ -j^f^ h 

4 3 Z-VZsXZ y*ls#-#)\sY 

4 9 f : ^X^>hb-"X 
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